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IV. Twenty-five members shall constitute a quorum at any meeting. 
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VI. Inasmuch as the time and place of the Annual Meeting of members are fixed by 
these By-laws, no notice of the Annual Meeting need be given. Notice of any special 
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of the Trustees shall be called by the President, or by any seven Trustees, to be held at 
such time and place as may be designated, and the Secretary shall give notice thereof by 
written or printed notice, mailed to each Trustee at his address as shown on the records 
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only matters stated in the notice shall be considered. Seven Trustees of those eligible to 
vote shall constitute a quorum for the transaction of business at any meeting. 


VIII. There shall be three groups of Trustees: 

(A) Thirty-two Trustees chosen by the Corporation, divided into four classes, each 
to serve four years. After having served two consecutive terms of four years each, 
Trustees are ineligible for re-election until a year has elapsed. In addition, there shall 
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(B) Trustees ex officio, who shall be the President and Vice President of the Cor- 
poration, the Director of the Laboratory, the Associate Director, the Treasurer, and the 
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(C) Trustees Emeriti, who shall be elected from present or former Trustees by the 
Corporation. Any regular Trustee who has attained the age of seventy years shall con- 
tinue to serve as Trustee until the next Annual Meeting of the Corporation, whereupon 
his office as regular Trustee shall become vacant and be filled by election by the Corpora- 
tion and he shall become eligible for election as Trustee Emeritus for life. The Trustees 
ex officio and Emeritus shall have all the rights of the Trustees except that Trustees 
Emeritus shall not have the right to vote. 

The Trustees and officers shall hold their respective offices until their successors are 
chosen and have qualified in their stead. 


IX. The Trustees shall have the control and management of the affairs of the Cor- 
poration; they shall elect a President of the Corporation who shall also be Chairman of 
the Board of Trustees and who shall be elected for a term of five years and shall serve 
until his successor is selected and qualified; and shall also elect a Vice President of the 
Corporation who shall also be the Vice Chairman of the Board of Trustees and who shall 
be selected for a term of five years and shall serve until his successor is selected and 
qualified; they shall appoint a Director of the Laboratory; and they may choose such 
other officers and agents as they may think best; they may fix the compensation and define 
the duties of all the officers and agents; and may remove them, or any of them, except 
those chosen by the members, at any time; they may fill vacancies occurring in any 
manner in their own number or in any of the offices. The Board of Trustees shall have 
the power to choose an Executive Committee from their own number, and to delegate to 
such Committee such of their own powers as they may deem expedient. They shall from 
time to time elect members to the Corporation upon such terms and conditions as they 
may think best. 


X. The Associates of the Marine Biological Laboratory shall be an unincorporated 
group of persons (including associations and corporations) interested in the Laboratory 
and shall be organized and operated under the general supervision and authority of the 
Trustees. 
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XI. The consent of every Trustee shall be necessary to dissolution of the Marine 
Biological Laboratory. In case of dissolution, the property shall be disposed of in such 
manner and upon such terms as shall be determined by the affirmative vote of two-thirds 
of the Board of Trustees. 








XII. The account of the Treasurer shall be audited annually by a certified public 
accountant. 







XIII. These By-laws may be altered at any meeting of the Trustees, provided that the 
notice of such meeting shall state that an alteration of the By-laws will be acted upon. 











IV. REPORT OF THE DIRECTOR 








Gentlemen : 
I submit herewith the report of the seventy-first session of the Marine Biological 
Laboratory. 







1. Attendance 





Attendance has continued at a fairly constant level through the past several 
years as shown in the Tabular View of Attendance. Only minor differences in 
attendance occur from year to year since the laboratory space is fully occupied 
and the classes are at capacity. Recently there have been qualified investigators 
with problems appropriate to the Laboratory’s research materials and facilities who 
could not be accommodated. This has posed a difficult problem for the Research 
Space Committee in the assignment of space. It frequently has been difficult for 
the Committee to avoid rather arbitrary decisions. It is anticipated that this prob- 
lem will be eased with the completion of the new research laboratory in the spring 
of 1960. 













2. Crane Building 


Renovation of the Crane Building carried out under a grant by the National 
Science Foundation was completed on schedule, permitting occupancy on June 1, 
1958. Space utilization has been greatly improved by the rearrangement of facili- 
ties within the laboratories. Also the addition of new utilities has resulted in a 
real improvement in scientific working conditions. 








3. New Laboratory Building 









During the past winter the Building Committee has had several meetings with 
the architects for the new building (Sheply, Bulfinch, Richardson and Abbott) and, 
with the plans already well developed, construction will start in May, 1959, the 
building to be completed and ready for summer occupancy in 1960. The building 
will have a ground level basement and three floors. Half of the basement will be 
given over to laboratories, the other half to utilities and services. There will be 
radiobiological service laboratories on the top floor. A caesium **’ radiation unit, 
a new departure in radiobiological technique, is being planned and will be constructed 
under the direction of Dr. G. Failla and installed in one of the radiobiological service 
laboratories. 
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Attached to the new building will be a lecture room seating 150. The experience 
gained in renovating the Crane Wing is being used to advantage by the Building 
Committee. 


4, Devil’s Lane Housing Project 


The attendance of younger investigators at the Laboratory, particularly those 
with families, has frequently been limited by the cost of housing rental. The 
Laboratory applied to the National Science Foundation and received a grant for 
housing construction on the Laboratory’s Devil’s Lane property. Twenty-four 
cottages are being erected and will be ready for 1959 summer occupancy. Through 
the generosity of the Grass Foundation another cottage is being added to those 
above. Through the efforts of Mr. Smith, General Manager, the Laboratory has a 
tax exemption on this new housing project which will permit modest rental changes. 

The recently completed and the projected construction at the Laboratory has 
been made possible by the grants listed below: 


National Science Foundation—Crane Wing 

National Science Foundation—New laboratory and housing 
National Institutes of Health—New laboratory 
Rockefeller Foundation—New laboratory 

Grass Foundation—Housing 


5. Grants, Contracts and Contributions 


The total income to the laboratory from these sources of support amounted to 
$184,445.23 in 1958. This represents 34.3% of the total income and is made up 
of the following accounts: 


American Cancer Society—RC4A (+ )—Studies in Radiobiology .... $ 6,600.00 
AEC—1343—Program of Research on the Physiology of Marine 

Organisms Using Radioisotopes 10,775.00 
NIH—4359—Biological Research on the Morphology, Ecology, 

Physiology, Biochemistry and Biophysics of Marine Organisms ... 40,000.00 
NIH—C3813 (A) Bio-Equipment 1,600.00 
NSF—5143—Training Program in Nerve Muscle Physiology 51,593.00 
ON R—1497—Studies in Marine Biology 15,000.00 
ONR—09701—Studies on Isolated Nerve Fibers 6,712.23 
ON R—09702—Studies in Ecology 6,936.00 
M.B.L. Associates 3,150.00 
Abbott Laboratories 1,000.00 
American Philosophical Society 2,500.00 
GE i ans AKA AA Mea Coed Ma dae ek eeta al 1,000.00 
Ciba Pharmaceutical Products, Inc. 1,000.00 
Josephine B. Crane Foundation 2,000.00 
Eli Lilly and Company 5,000.00 
ge) dc aslo nk 5 Mok a's ah, baw ANG Rie 1,000.00 
Merck Company Foundation 1,000.00 
Pfizer Foundation, Inc. 1,000.00 
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IONE ol ote a LG Lal oe 4 aia biel ede wb abcd 20,000.00 







I IR UE 55 Led ic ates wie :c ad Cus DR aa ole dw ER 1,000.00 
Smith, Kline, and French Foundation .............ccccccccvcces 3,000.00 
ED vb b0 6 Ge bnehseks bese sinsunnadnesevensses 1,000.00 
Co fer rT eT eee rire se Tre ere 1,000.00 
oa cig. Sc inp ete wah eee ase welewealed 579.00 







$184,445.23 






It is gratifying that such a diverse group of agencies, foundations, companies 
and individuals as listed above are interested in the support and development of 
the Laboratory and its research programs. 







6. Courses 







The course in Physiology will be modified and operate in 1959 as a Physiology 
Training Program under the direction of Dr. William D. McElroy with financial 
support from the National Institutes of Health. The additional support will permit 
well-qualified doctoral and post-doctoral students to participate in the program 
who otherwise might not be able to do so. Selected students will continue on in 
the program doing research through the last half of the summer following the 
completion of the earlier formal part of the program. 

With the loss of certain dormitory facilities, the Old Rockefeller Building is 
being converted into a dormitory for some of the summer service personnel. The 
course in Marine Ecology which formerly occupied this building is being moved 
into the Old Main Building. 















7. Boats 





Two new collecting boats were purchased and were received by the Laboratory 
in May, 1958. These are 24-foot open-cockpit boats of rugged construction and 
have proved very sea-worthy. One is used for the daily trips to the fish traps and, 
together with the second boat, for inshore collecting. They replace two old boats, 
the Sagitta and Tern. A diesel engine was installed in the Arbacia resulting in 
real economies in operation. 












&. Survey 






During the summer of 1958 the firm of Shurcliff and Merrill, Landscape Archi- 
tects and Town Planners, was retained jointly by the Marine Biological Laboratory 
and the Woods Hole Oceanographic Institution to survey Woods Hole, including 
the physical lay-out of each institution on its own campus and also problems of the 
institutions as they relate to the community. The resulting report emphasized the 
present wasteful utilization of the six acres of land which make up the central 
campus of the M.B.L. The six frame houses, formerly private dwellings, which 
are used as dormitories occupy an excessive amount of land for the number of 
people they accommodate. They are old buildings, ill adapted for dormitory 
purposes and should be replaced. The old Mess Hall, adapted to self-service, 
could advantageously be replaced by a new building in combination with 












REPORT OF THE DIRECTOR 9 


dormitory facilities. Consolidation of these facilities will open up areas urgently 
needed for parking. With the development of additional training programs, there 
will develop a need for training facilities space. The Old Lecture Hall can readily 
be converted to such temporary use but it will not be entirely satisfactory for 
a program involving the new techniques required for a modern training program. 
Only a new building will adequately serve this purpose. 


Respectfully submitted, 
Puitrp B. ARMSTRONG, 
Director 


MEMORIAL 
ALLEN R. MEMHARD 


by 
Donald P. Costello 


Allen R. Memhard had a lifelong interest in biology, but, by reason of training 
for the Bar and practicing international and corporation law, was able to indulge 
this interest only in his later life. 

Mr. Memhard was born in Chicago, and was graduated from the New York Law 
School in 1915. Soon after his graduation, he began an independent law practice in 
New York City. This was interrupted briefly while he served in U. S. Army Intel- 
ligence during World War I, after which he returned to his own practice. Later 
he became a member of the law firm of O’Brien, Boardman, Fox, Memhard and Early. 
In 1933 he was a delegate to a conference on international law at The Hague. From 
1939 to 1950 he was counsel for the Geological Society of America. He was also very 
active in town affairs in his home community of Greenwich, Connecticut. Here he 
and Mrs. Memhard raised their fine family of two daughters and three sons. 

In 1941, to learn more about the field that had interested him since childhood, he 
enrolled in a course in biology at New York University, where he came into contact 
with the late Professor Robert Chambers. By this time, Mr. Memhard was in a 
position to take time from his professional work to pursue his interest in marine 
biology, and Dr. Chambers was so impressed with his sincerity and abilities that he 
encouraged him to apply for space at the Marine Biological Laboratory. During 
the summer of 1942, Mr. Memhard first took the Embryology Course, which was 
under the direction of Professor Viktor Hamburger, and then was engaged in research 
during the remainder of the summer. He continued his research work in marine 
embryology during the summers of 1943, 1944, 1945, and part of 1947. He was 
elected a member of the Corporation in 1945, 

In 1946, Mr. Memhard established a scholarship fund at the Marine Biological 
Laboratory, the income of which is awarded to qualified students who complete the 
course in embryology and wish to return or stay on for further work. 

Mr. Memhard was a charming gentleman, a diligent scholar, and an interested 
observer of marine embryological phenomena. He was a fine example of that group 
of enlightened laymen who deserve the title, “Friend of the Marine Biological 
Laboratory.” 


1. Tue Starr, 1958 


Puitip B. ArmstronG, Director, State University of New York, School of Medicine. 
Syracuse 
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ZOOLOGY 


I. CONSULTANTS 










F. A. Brown, Jr., Morrison Professor of Zoology, Northwestern University 
Lippie H,. Hyman, American Museum of Natural History 
A. C. RepFreLp, Woods Hole Oceanographic Institution 











IT, 


INSTRUCTORS 






Grover C. STEPHENS, Assistant Professor of Zoology, University of Minnesota; in 
charge of course. 

Joun B. Buck, Senior Biologist, National Institutes of Health 

Demorest Davenport, Associate Professor of Biology, Santa Barbara College 

Peter W. Frank, Associate Professor of Biology, University of Oregon 

CxiarK P. Reap, Associate Professor, School of Hygiene and Public Health, Johns 
Hopkins University 

Morris RocksteIn, Associate Professor of Physiology, New York University College 
of Medicine 

Howarp A. SCHNEIDERMAN, Associate Professor of Zoology, Cornell University 

MiILToN FINGERMAN, Assistant Professor of Zoology, Tulane University 















III. Lasoratory ASSISTANTS 







FRANK E, Friepi, University of Minnesota 
Irwin W. SHERMAN, Northwestern University 







EMBRYOLOGY 









A 





INSTRUCTORS 






Mac V. Epps, Jr., Professor of Biology, Brown University; in charge of course 
Puitip Grant, Assistant Professor of Pathobiology, Johns Hopkins University 
Joun W. Saunpers, Jr., Professor of Zoology, Marquette University 
Netson T. Spratt, Jr., Professor of Zoology, University of Minnesota 
Maurice SussMAN, Associate Professor of Biological Sciences, Northwestern University 
LionEL Resuun, Assistant Professor of Anatomy, University of Illinois 










II. LABoratory ASSISTANTS 






CHANDLER M. Futton, Rockefeller Institute for Medical Research 
Davip S. Love, University of Colorado 







PHYSIOLOGY 
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CONSULTANTS 






Merxet H. Jacoss, Professor of Physiology, University of Pennsylvania 
ArtHur K. Parpart, Professor of Biology, Princeton University 
ALBert SzeNnt-Gy6rGy1, Director, Institute for Muscle Research, Marine Biological 







Laboratory 
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II. INstrRuctToRs 


W. D. McE roy, Professor of Biology, Johns Hopkins University; in charge of 
course 
Francis D. Cartson, Assistant Professor of Biophysics, Johns Hopkins University 
BernarD D. Davis, Professor of Bacteriology, Harvard Medical School 
DonaALD GRIFFIN, Professor of Zoology, Harvard University 
Howarp SCHACHMAN, Virus Laboratory, University of California 
Apert W. FRENKEL, University of Minnesota 
III. Lasoratory AssISTANT 


Louis Orero, University of Puerto Rico, Rio Piedras 
BOTANY 
I. CONSULTANT 


Wm. RanpoteH Taytor, Professor of Botany, University of Michigan 


II. INstructors 


Harotp C. Bop, Professor of Botany, University of Texas; in charge of course 
Joun M. Kinessury, Assistant Professor of Botany, Cornell University 
Ricuarp C, Starr, Associate Professor of Botany, Indiana University 


III. Le&crurer 


RutH Patrick, Curator of Limnology, Academy of Natural Sciences of Philadelphia 


IV. Lasoratory ASSISTANTS 


Temp R. Deason, University of Texas 
Harry W. Biscuorr, Texas Lutheran College 


ECOLOGY 
I. CoNSULTANTS 


Paut GattsorF, U. S. Fish and Wildlife Service, Woods Hole 
ALFRED C, REDFIELD, Woods Hole Oceanographic Institution 
Bostwick H. Ketchum, Woods Hole Oceanographic Institution 
Epwin T. Mout, Rutgers University 

Cuartes E, JENNER, University of North Carolina 

Howarp L. Sanpers, Woods Hole Oceanographic Institution 


II. INstructors 


Howarp T. Opum, Director, Institute of Marine Science, University of Texas 
Joun H. Rytuer, Marine Biologist, Woods Hole Oceanographic Institution 
Avsert J. BERNatTowicz, Chairman, Department of Botany, University of Hawaii 


III. Lasoratory ASSISTANT 


Cameron E. Girrorp, Harvard University 
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THE LABORATORY STAFF, 1958 


Homer P. Situ, General Manager 







Mrs. Desporan LAWRENCE Har.Low, Rogpert KAHLER, Superintendent, 
Librarian Buildings and Grounds 
Cart O. ScHWEIDENBACK, Manager, Rogert B. Miiis, Manager, De- 






Supply Department partment of Research Service 





GENERAL OFFICE 










IrvINE L. BroapBeNT, Office Manager 





Mrs. Lita S. Myers Mrs. Emiry B. MERRILL 
Mrs. Vivien R. Brown Mrs. Vivian I. MANsoN 
Mrs. VirGinta M. MoreHouse Mrs. SHIRLEY ELDER 
















LIBRARY 


Mrs. Naomi BotreLHo 
ALBERT K. NEAL 












Mary RoHAN 
Mrs. M. VERNA HANKS 









MAINTENANCE OF BUILDINGS AND GROUNDS 






Rogert ADAMS DonaLp B. LeHy 









Extpon P. ALLEN Ratepu H. Lewis 
EpMoNnD BoTELHO RusseE.t F. Lewis 
ArtHur D. CALLAHAN ALAN G. LuNN 
RoBert GUNNING ALTON J. PIERCE 
WALTER J. JASKUN James S. THAYER 








DEPARTMENT OF RESEARCH SERVICE 






SEAVER R. HarLow 
Lupie A. JOHNSON 


Gait M. CAVANAUGH 
Joun P. Hartow 








SUPPLY DEPARTMENT 





DonaLp P. BuRNHAM Ropert M. Perry 
Mitton B. Gray Bruno TRAPASSO 
GEOFFREY J. LEHY Jarep L. VINCENT 
Ropert O. Leny SAMUEL W. VINCENT 
Mrs. MILtprep MIxson Hatytett S. WAGSTAFF 





















2. INVESTIGATORS, LALOR AND LILLIE FELLOWs, AND STUDENTS 






Independent Investigators, 1958 





ArzeLius, Byorn, Assistant Professor of Biophysics, Johns Hopkins University 

ALLEN, M. JEAN, Associate Professor of Biology, Wilson College 

ALLEN, Rosert D., Assistant Professor of Biology, Princeton University 

ARMSTRONG, Puiip B., Professor and Chairman, Department of Anatomy, State University 
of New York, College of Medicine at Syracuse 

ARNOLD, W1LL1AM, Principal Biologist, Division of Biology, Oak Ridge National Laboratory 

Bairp, SPENCER, Associate Researcher, Institute for Muscle Research, Marine Biological 


Laboratory 
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BANG, FREDERIK B., Professor of Pathobiology, Johns Hopkins University School of Medicine 
BarTH, Lester G., Professor of Zoology, Columbia University 
BaTtrLey, Epw1n H., Instructor in Biochemistry, The Medical Center, Jersey City 
BENESCH, REINHOLD, Investigator, Marine Biological Laboratory 
Bennett, Micuaet V. L., Research Associate, Columbia University, College of Physicians & 
Surgeons 
BerMAN, Mones, Assistant Physicist, Sloan Kettering Institute 
BerNATOWICZ, ALBERT J., Chairman, Department of Botany, University of Hawaii 
BETTELHEIM, FrepERICK A., Assistant Professor in Chemistry, Adelphi College 
Bisuop, Davin W., Staff Member, Department of Embryology, Carnegie Inst. of Washington 
Botp, Harotp C., Professor of Botany, University of Texas 
3ROWN, FRANK A., JR., Morrison Professor of Biology, Northwestern University 
Bryant, SHIRLEY H., Assistant Professor of Pharmacology, University of Cincinnati 
3ucK, JoHwN B., Physiologist, National Institutes of Health 
Burspanck, W. D., Professor of Biology, Emory University 
Cartson, Francis D., Associate Professor of Biophysics, Johns Hopkins University 
Case, JAMes F., Assistant Professor of Zoology, State University of Iowa 
Det CAsTILLo, Jose, Head, Section of Clinical Neurophysiology, National Institutes of Health 
‘HAET, ALFRED B., Assistant Professor of Physiology, Boston University School of Medicine 
“HANG, JOSEPH J., Visiting Scientist, National Institutes of Health 
‘HASE, AuRIN M., Associate Professor of Biology, Princeton University 
‘HENEY, RALPH Hott, Professor of Biology, Brooklyn College 
“HILD, FRANK M., Instructor in Zoology, The University of Chicago 
LAFF, C. Ltoyp, Research Associate in Surgery, Harvard Medical School 
LAUDATUS, JoHN C., Head, Department of Biochemistry, The Cancer Institute at Miami 
-LEMENT, ANTHONY C., Professor of Biology, Emory University 
Lowes, G. H. A., Research Director Emeritus, Lilly Research Laboratories 
‘OLE, KENNETH S., Chief, Laboratory of Biophysics, National Institutes of Health 
‘OLLIER, JACK R., Assistant Professor of Zoology, Louisiana State University 
OLWIN, ARTHUR L., Associate Professor, Queens College 
OLWIN, LAURA Hunter, Lecturer, Queens College 
‘OOPERSTEIN, SHERWIN J., Associate Professor of Anatomy, Western Reserve University, 
School of Medicine 
OSTELLO, DonALD P., Kenan Professor of Zoology, University of North Carolina 
CowciLt, Rosert W., Assistant Professor of Biochemistry, University of Colorado, School 
of Medicine 
Crane, Ropert K., Associate Professor of Biological Chemistry, Washington University 
Medical School 
CrowELL, Sears, Associate Professor of Zoology, Indiana University 
Csapo, Arpab, Associate Professor, Rockefeller Institute for Medical Research 
DaveNpOoRT, DeMorest, Associate Professor in Zoology, University of California, Santa 
Barbara College 
Davis, BERNARD D., Professor of Bacteriology, Harvard Medical School 
Ecctes, RosAMOND, Research Fellow, Australian National University 
Epps, Mac V., Jr., Professor of Biology, Brown University 
Faitta, G., Professor, Columbia University 
FANKUCHEN, Isipor, Professor and Head, Division of Applied Physics, Polytechnic Institute 
Fawcett, Don W., Professor of Anatomy, Cornell University Medical College 
FINGERMAN, MILTON, Assistant Professor of Zoology, Newcomb College, Tulane University 
FisHMAN, Louts, Research Associate, New York University College of Dentistry 
FRANK, Peter W., Associate Professor of Biology, University of Oregon 
FRENKEL, ALBERT W., Professor of Botany, University of Minnesota 
FRIEDL, FRANK E., Teaching Assistant, University of Minnesota 
GaLtsorF, Paut S., Director, U. S. Fish & Wildlife Service, Department of the Interior 
GotpBerG, Irvinc H., Post-Doctoral Student, Rockefeller Institute for Medical Research 
Goto, Masayost, Investigator, Rockefeller Institute for Medical Research 
GRANT, Puiip, Assistant Professor of Pathobiology, Johns Hopkins University 
GREEN, James W., Associate Professor of Physiology, Rutgers University 
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Greir, Rocer L., Associate Professor of Physiology, Cornell University Medical College 

GrirFriIn, Donatp R., Professor of Zoology, Harvard University 

GropzinskI, F., Professor of Comparative Anatomy, University of Krakow, Poland 

Groscu, Dantet S., Professor of Genetics, North Carolina State College 

Gross, Paut R., Associate Professor of Biology, New York University 

GRUNDFEsT, Harry, Associate Professor of Neurology, Columbia University, College of 
Physicians and Surgeons 

GutrMaNn, Rita, Assistant Professor of Biology, Brooklyn College 

Hacins, WituraM A., Research Medical Officer, Naval Medical Research Institute 

Harpinc, Ciirrorp V., Visiting Assistant Professor of Zoology, University of Pennsylvania 

Harvey, E. Newton, Professor of Biology emeritus, Princeton University 

Harvey, EtHet Browne, Investigator in Biological Research, Princeton University 

Hayashi, Tervu, Professor of Zoology, Columbia University 

HeGYELI, ANDREW, Associate Researcher, Institute for Muscle Research, Marine Biological 
Laboratory 

HeILBrunN, L. V., Professor of General Physiology, University of Pennsylvania 

HENLEY, CATHERINE, Research Associate, University of North Carolina 

Hervey, Joun P., Senior Electronic Engineer, Rockefeller Institute for Medical Research 

H1att, Howarp, Associate in Medicine, Harvard Medical School 

Hicxson, ANNA Ke tcu, Independent Investigator, Lilly Research Laboratories 

Hourz, Georce G., Jr., Associate Professor of Zoology, Syracuse University 

Hucues, Greorce M., University Lecturer, University of Cambridge, England 

Hussey, KATHLEEN L., Assistant Professor of Parasitology, Columbia University 

Hype, Bear B., Assistant Professor of Plant Sciences, University of Oklahoma 

IsENBERG, Irvin, Associate Researcher, Institute for Muscle Research, Marine Biological 
Laboratory 

[ro, Susumu, Instructor in Anatomy, Cornell University Medical College 

Jackson, Sytvi1a Fitton, Assistant Professor, Kings College, London 

JENNER, CHARLES E., Associate Professor of Zoology, University of North Carolina 

JoHNson, FRANK H., Professor of Biology, Princeton University 

Kajt, Akira, Fellow in Ophthalmology, Johns Hopkins University 

KANE, Rozert E., Postdoctoral Research Fellow, Johns Hopkins University 

Kempton, Rupotr T., Professor of Zoology, Vassar College 

KENNEDY, Dona_p, Assistant Professor of Zoology, Syracuse University 

Kincssury, JOHN M., Assistant Professor of Botany, Cornell University 

KietnHo1z, L. H., Professor of Biology, Reed College 

Kotz, Irvine M., Professor of Chemistry, Northwestern University 

Kuss, Byron C., Instructor, Albion College 

KOHLER, Kurt, Research Associate, Florida State University 

KRAMER, SOL, Special Research Fellow, Marine Biological Laboratory 

KRANE, STEPHEN M., Instructor in Medicine, Massachusetts General Hospital 

KUFFLER, STEPHEN W., Professor of Ophthalmic Physiology, Johns Hopkins University 

Kury, Livia Rev, Institute for Muscle Research, Marine Biological Laboratory 

LANSING, ALBERT I., Professor of Anatomy, University of Pittsburgh 

Lasu, JAMEs W., Instructor in Anatomy, University of Pennsylvania 

LenuHoFF, Howarp M., Investigator in Biochemistry, Carnegie Institution 

Levy, Mitton, Professor of Biochemistry, New York University College of Dentistry 

Lewin, Racpu A., Independent Investigator, Marine Biological Laboratory 

Litt, Mortimer, Instructor in Bacteriology, Harvard Medical School 

LoWENHAUPT, BENJAMIN, Research Associate, Rockefeller Institute for Medical Research 

Lubin, Martin, Assistant Professor of Pharmacology, Harvard Medical School 

McE roy, W. D., Chairman, Department of Biology, Johns Hopkins University 

MARSLAND, Douctas, Professor of Biology, Washington Square College, New York University 

Mateyko, G. M., Assistant Professor of Biology, Washington Square College, New York 
University 

MeErrIAM, Ropert W., Associate in Zoology, University of Pennsylvania 

Metz, Cuartes B., Professor, Florida State University 

Metz, CuHartes W., Research Professor, University of Pennsylvania 
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MIpDLEBROOK, Ropert, Associate Researcher, Institute for Muscle Research, Marine Biological 
Laboratory 

Monroy, ALBERTO, Professor of Comparative Anatomy, University of Palermo 

Moore, Joun W., Associate Chief, Laboratory of Biophysics, National Institutes of Health 

MueELLER, Hetmut, Associate Researcher, Institute for Muscle Research, Marine Biological 
Laboratory 

Muttins, L. J., Associate Professor of Biophysics, Purdue University 

Nace, Paut Fotey, Associate Professor of Zoology, McMaster University 

Netson, Leonarp, Assistant Professor of Anatomy, University of Chicago 

Nickerson, Norton H., Instructor in Botany, Cornell University 

Norris, WILLIAM ELMore, JR., Professor of Biology, Southwest Texas State Teachers College 

Opum, Howarp T., Director, Institute of Marine Science, The University of Texas 

OsterHouT, W. J. V., Member Emeritus, Rockefeller Institute for Medical Research 

PapAWER, JACQUES, Assistant Professor of Biochemistry, Albert Einstein College of Medicine 

PARKER, JOHNSON, Assistant Professor in Plant Physiology, Yale School of Forestry 

Parpart, ARTHUR K., Professor and Chairman of Biology, Princeton University 

Patrerson, Mase C., Assistant Professor of Zoology, Vassar College 

Person, Purp, Chief, Special Dental Research Program, Veterans Administration Hospital 

Porter, Davin D., Johns Hopkins University School of Medicine 

Preston, JAMeEs B., Assistant Professor of Physiology, State University of New York at 
Syracuse 

Prosser, C. Lapp, Professor of Physiology, University of Illinois 

Reap, CLarK P., Associate Professor of Parasitology, Johns Hopkins University 

ReBHuN, Lionet I., Assistant Professor of Anatomy, University of Illinois 

RieserR, Peter, Research Associate, University of Pennsylvania 

RocKsTEIN, Morris, Associate Professor of Physiology, New York University-Bellevue Medical 
Center 

Rose, S. Meryt, Professor of Zoology, University of Illinois 

ROSENBERG, EveLyNn K., Associate Professor, New York University-Bellevue Medical Center 

RosENTHAL, THEODORE B., Assistant Professor of Anatomy, University of Pittsburgh 

RosLansky, JoHN D., Research Associate, Princeton University 

Rucu, Roserts, Associate Professor of Radiology, Columbia University 

RytHer, J. H., Marine Biologist, Woods Hole Oceanographic Institution 

SaKAl, TosHI0o, Research Fellow, Rockefeller Institute for Medical Research 

SANBORN, Ricuarp C., Assistant Professor of Zoology, Purdue University 

SANDEEN, Murtet I., Assistant Professor of Zoology, Duke University 

SAUNDERS, JOHN W., Jr., Professor of Zoology, Marquette University 

ScHECHTER, Victor, Associate Professor of Biology, City College of New York 

SCHNEIDERMAN, Howarp A., Associate Professor of Zoology, Cornell University 

SCHNELLER, SISTER Mary Beatrice, Professor of Biology, St. Joseph College for Women 

Scuun, Rev. Josepu E., Chairman, Biology Department, Saint Peter’s College 

Scott, ALLAN, Chairman, Department of Biology, Colby College 

Scorr, SIsTER FLorENCE Marie, Professor of Biology, Seton Hill College 

Scott, Georce T., Professor of Zoology, Oberlin College 

SecaL, Joun R., Graduate Student, Massachusetts Institute of Technology 

Senrt, ALFRED W., Woods Hole, Massachusetts 

Suaw, Evetyn, Research Associate, American Museum of Natural History 

SuireR, ELEANOR H., Professor of Zoology, State University of Iowa 

SmitH, Paut Ferris, Electronics Engineer, Rockefeller Institute for Medical Research 

SPEIDEL, CARL C., Professor of Anatomy, University of Virginia 

SPIEGEL, MELviIN, Assistant Professor of Biology, Colby College 

Spratt, NELson T., Professor of Zoology, University of Minnesota 

SPYROPOULOS, CONSTANTINE S., Neurophysiologist, National Institutes of Health 

Starr, Ricwarp C., Associate Professor of Botany, Indiana University 

SternBacu, H. Burr, Chairman, Department of Zoology, University of Chicago 

STEINHARDT, Jacinto, Director, Operations Evaluation Group, Massachusetts Institute of 
Technology 

STEPHENS, Grover C., Assistant Professor of Zoology, University of Minnesota 
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Sroxey, Atma G., Professor Emeritus Mount Holyoke College 

Stone, Witt1am, Director, Ophthalmic Plastics Laboratory, Massachusetts Eye and Ear 
Infirmary 

STroHMAN, Ricuarp C., Assistant Professor of Zoology, University of California 

StunKARD, Horace W., Research Scientist, U. S. Fish and Wildlife Service 

Sturtevant, A. H., Thomas Hunt Morgan Professor of Genetics, California Institute of 
Technology 

Supak, Freperick N., Instructor, Albert Einstein College of Medicine 

SussMAN, Maurice, Associate Professor, Biology Department, Northwestern University 

Szent-GyOrecyt, Albert, Chief Investigator, Institute for Muscle Research, Marine Biological 
Laboratory 

Szent-GyOrey!r, Andrew G., Investigator, Institute for Muscle Research, Marine Biological 
Laboratory 

Szent-GyOreyl, Eva, Associate Researcher, Institute for Muscle Research, Marine Biological 
Laboratory 

TALEPOROS, PLato, Postdoctoral Research Fellow, University of California 

TaASAKI, Icury1, Chief, Special Senses Section, Laboratory of Neurophysiology, National 
Institutes of Health 

TayLor, Rosert E., Physiologist, National Institutes of Health 

TayYLor, WILLIAM RAnpoLpH, Professor of Botany, University of Michigan 

Tostas, JuLIAN M., Professor of Physiology, University of Chicago 

Topp, Rosert E., Professor of Zoology, Colgate University 

TRAUTWEIN, WOLFGANG, Associate Professor of Physiology, Johns Hopkins Hospital 

TRENDELENBURG, ULLRICH, Associate in Pharmacology, Harvard Medical School 

TRINKAUS, J. P., Associate Professor of Zoology, Yale University 

TROLL, WALTER, Assistant Professor of Zoology, New York University-Bellevue Medical Center 

TWEEDELL, Kenyon S., Assistant Professor of Zoology, University of Maine 

Ty Ler, ALBERT, Professor of Embryology, California Institute of Technology | 

DEVILLAFRANCA, GreorGE W., Assistant Professor of Zoology, Smith College 

VINCENT, WALTER S., Assistant Professor of Anatomy, State University of New York, Upstate 
Medical Center, at Syracuse 

WaGNeR, Captain Henry G., Head, Physiology Division, Naval Medical Research Institute 

Warnio, WALTER W., Associate Professor of Biochemistry, Rutgers University 

Wess, H. MArGueRite, Research Associate, Northwestern University 

Wuitine, P. W., Professor of Zoology Emeritus, University of Pennsylvania 

WICHTERMAN, Ra.pu, Professor of Biology, Temple University 

Wiser, Cartes G., Chief, Comparative Physiology Branch, Army Chemical Center 

Wutey, C. H., Professor and Chairman of Biology, New York University, University College 

Witson, Wa ter L., Assistant Professor of Physiology and Biophysics, College of Medicine, 
University of Vermont 

WITTENBERG, JONATHAN B., Assistant Professor of Physiology and Biochemistry, Albert 
Einstein College of Medicine 

Wricut, Paut A., Associate Professor of Zoology, University of Michigan 

WurRzEL, MENACHEM, Research Worker, College of Physicians & Surgeons, Columbia University 

ZWEIFACH, BENJAMIN W., Associate Professor of Pathology, New York University—Bellevue 
Medical Center 

ZwILLinG, Epcar, Associate Professor of Genetics, University of Connecticut 


LALOR FELLOWS, 1958 


Arze.ivus, B., Johns Hopkins University 

BETTreLHEIM, F., Adelphi College 

Czerunsk1, G., Max-Planck Inst. Physikal Chemie 

Eccies, RosAMonpD, Australian National University 

Harpinc, Cuirrorp V., University of Pennsylvania 

Kuss, Byron C., Albion College 

Lasu, James, University of Pennsylvania 

Lusin, Martin, Harvard Medical School 

Netson, Leonarp, University of Chicago 

WITTENBERG, JONATHAN B., Albert Einstein College of Medicine 
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Lillie Fellow, 1958 


Monroy, ALBerto, University of Palermo, Italy 


Grass Fellows, 1958 


Bennett, Micuaer V. L., Columbia University 
Revsen, Joun, University of Florida 
RickLes, Witit1aM H., Jr, Baylor University, College of Medicine 


American Philosophical Fellows 


Cuor, K1-Cuvut, Seoul National University, Korea 
GropzInskI, F., University of Krakow, Poland 
Monroy, ALBERTO, University of Palermo, Italy 


Beginning Investigators, 1958 


Asuton, Francis T., University of Pennsylvania 

BRAVERMAN, MAXweELL H., University of Illinois 

Bretr, Witi1aM J., Indiana State Teachers College 

CaGLe, JULIEN, Princeton University 

Dusnau, Davi A., Columbia University 

E.uiott, Paut R., University of Michigan 

FELDHERR, CaRL, University of Pennsylvania 

FreLpen, ANN, University of [Illinois 

FRANKEL, JosepH, Yale University 

Friz, Cart T., University of Minnesota 

Fuyrmort, Ery1, University of Tokyo 

GrirFin, Joe L., Princeton University 

HatHaway, Rap R., Florida State University 

Jackson, JAMes A., Western Reserve University 

Jounson, Sister Marra Benicna, Saint Joseph College 
Kauuprock, Marcir M., Columbia University 

Kereny!1, THomas, Cornell Medical College 

KRASSNER, STUART, Johns Hopkins University 

LamBert, Loretta, Harvard University 

McC.uskey, Ropert T., New York University College of Medicine 
Marurana, Humserto R., Harvard University 

Moore, RicHarp Davis, Purdue University 

NaGLer, Arnotp L., New York University-Bellevue Medical Center 
Ratpu, Cuarves L., U. S. Dept. of Agriculture 

Ruoves, Witi1AM C., Johns Hopkins University 

RICKLES, WILLIAM H., Jr., Baylor University College of Medicine 
Ross, SAMUEL M., State University of New York at Brooklyn 
RortHMAN, Arvin H., Johns Hopkins School of Hygiene and Public Health 
SHIRODKAR, MANOHAR V., Johns Hopkins School of Hygiene and Public Health 
Sjopin, Raymonp A., Purdue University 

STEINBERGER, WILLIAM W., University of Michigan 

STREHLER, B. L., National Institutes of Health 

Swett, Joun Emery, University of California 

ViLLeGAS, RaArimuNDo, Harvard Medical School 

Wattace, Rosin A., Columbia University 

WeERMAN, Rosert, Columbia University, College of Physicians and Surgeons 
Werntz, Henry O., Harvard University 

Wyute, Ricuarp M., Harvard University 

Younc, Rosert R., Harvard Medical School 
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Research Assistants, 1958 


Aber, Howarp, Albert Einstein Medical School 
AbLER, JuLIus, Washington University School of Medicine 
ALLEN, Arcure, University of North Carolina 

Atsup, Peccy ANN, University of Pennsylvania 

ARNOLD, EL1zABETH, Indiana University 

AUCLAIR, WALTER, New York University 

BARNWELL, FRANKLIN, Northwestern University 
BeprorD, Bonnie V., Vassar College 







BENSAM, BERTRAND, State University of New York Medical College at Syracuse 


Birky, Cart Wrx1aM, Jr., Indiana University 

BiscHorr, Harry W., Texas Lutheran College 

Borcese, THomas A., Rutgers University 

Boser, Rosert B., Johns Hopkins University School of Medicine 
Briskow, Cornevia, Barnard College 

BuniM, Lestey S., Barnard College 

Camoucis, Georce, University of California 

CANTOR, MARVIN H., Massachusetts Institute of Technology 
CARANASOS, GEORGE J., St. Peter’s College 

CHESEBROUGH, CAROLYN, Mount Holyoke College 

CLark, E.otse E., University of California 

CLark, Lenora M., Lilly Research Laboratories 

CLARK, LynNE G., Queens College 

CLose, Russet I., University of Illinois 

CoHEN, JANIcE, New York University, College of Medicine 
CoHEN, StarrorD I., Boston University Medical School 

Cote, Etten L., University of Pennsylvania 

Conway, Dorotuy M., Rockefeller Institute for Medical Research 
CouTtInHOo, Ersimar M., Faculdade de Medicina Universidade de Bahia, Brazil 
Davis, ANN, Columbia University 

Deason, Temp R., University of Texas 

Dincie, At D., McMaster University 

Doo.ittLe, Russett F., Harvard University 

Ern, Dante, New York University-Bellevue Medical Center 
ErpMAN, Howarp E., North Carolina State College 

Esper, H1ILpeGArD, Reed College 

Fine, ALBert S., Veterans Administration Hospital 

FrANK, Cottn H., Belmont High School 

FRIEDMAN, LEONARD, Rutgers University 

Futon, CHANDLER M., Rockefeller Institute 

Gesuart, JoHN H., National Institutes of Health 

Grrrorp, CAMERON E., Harvard University 

Goutp, Epwin, Harvard University 

GREEN, JONATHAN, University of Minnesota 

GREENBERG, ALAN, Albert Einstein College of Medicine 
GREENLEES, JANET, Rutgers University 

Gross, Marcie, Yale University 

Grupp, Erica, Columbia University 

GuTTrMAN, Burton S., University of Minnesota 

HAMBURGER, CAROLA L., St. Louis 

Hicks, Mary, Rockefeller Institute 

HotrzMan, Eric, Columbia University 

Humpueeys, Tom D., University of Chicago 

Jones, RaymMonp, England 

Kacey, Karen, New York University College of Medicine 
Kanunco, Mapuu S., University of Illinois 

Kent, Joan L., Columbia University 
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pELANNURIEN, ANNE, Smith College 

Lauriz, JoHN S., Tulane University 

Lenv, JANE W., Vassar College 

LorENzo, MicHaet A., St. Louis University 

Love, Davip S., University of Chicago 

Lowe, Mivprep E., Tulane University 

Lowe, RutH N., New York University-Bellevue Medical Center 
McCann, Frances V., Columbia University 

McCann, Marjorie, Louisiana State University 

McLAUGHLIN, JANE, Institute for Muscle Research, Marine Biological Laboratory 
MacMUuL LEN, Joyce A., Cornell University 

Matxkorr, Donan B., University of Pittsburgh School of Medicine 
Marcotis, PHyiuts, Barnard College 

Mrnciout, Exizasetu S., Harvard Medical School 

Morcan, Mirtam, Smith College 

Mosuer, Carter G., Boston University School of Medicine 

Mou.Le, MARGARET, McMaster University 

Murrett, Leonarp R., McMaster University 

Nass, Sytvan, New York University 

Noet, EvtsasetH S., Seton Hill College 

OBERPRILLER, JOHN, University of Illinois 

Otero, Luts R., University of Puerto Rico 

PaLIwaL, RrpusuDAN L., University of Oklahoma 

PatmierI, AMELIA, Cornell University Medical College 

Pearse, JoHN S., University of Chicago 

Pupotr, DELBERT, Institute for Muscle Research, Marine Biological Laboratory 
Piums, Mary E., North Carolina State College 

Rospertson, Lora, Fish and Wildlife Service 

RoDENBERG, JEANNETTE M., New York University-Bellevue Medical Center 
RosENBLUM, WILLIAM, New York University-Bellevue Medical Center 
RosENBLUTH, Raya, Columbia University 

RostLLo, Lupwie, St. Peter’s College 

Rusrinorr, Ira, American Museum of Natural History 

SaLacH, James I., University of Chicago 

SATUREN, JANICE R., Syracuse Medical School 

ScHinskI, Ropert A., University of Minnesota 

ScHvueL, Hersert, University of Pennsylvania 

SueparD, Davip, University of Chicago 

SHERMAN, IRw1In W., Northwestern University 

Sicer, Atvin, Johns Hopkins University 

Smmons, Joun E., Johns Hopkins University 

Spyripes, GeorcE J., Johns Hopkins University 

Straus, Hersert W., Rutgers University 

SunpararaJ, B. I., Tulane University 

Swope, Jutta C., Massachusetts General Hospital 

Szent-GyOrGyI, MartHa, Institute for Muscle Research, Marine Biological Laboratory 
Tsuk, MARIANNE, Smith College 

WauL, Rosemarie, University of Chicago 

Watters, C. Parricra, Lilly Research Laboratories 

Warwick, ANNE C., Johns Hopkins School of Hygiene 

Wuitcoms, Ernest R., National Institutes of Health 

Wiser, Joun F., Harvard Medical School 

Wuso1s, ANNETTE, Indiana University 

Wonc, Epwarp T., University of Minnesota 

Woop, Rosert W., Sloan-Kettering Institute 

Woops, B. Loutse, Lilly Research Laboratories 

Wytrensacu, Cuartes R., Carnegie Institution of Washington 
Yrr, Cecit, McMaster University 
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Library Readers, 1958 


Batt, Eric G., Professor of Biological Chemistry, Harvard Medical School 

BatHaM, Extzasetu J., Lecturer, University of Otago, New Zealand 

Baytor, MartHa B., Investigator, Marine Biological Laboratory 

Berwier, Litoyp M., Professor of Physiology, Florida State University 

Bopansky, Oscar, Professor of Biochemistry, Sloan-Kettering Institute 

BrIpbGMAN, ANNA JOSEPHINE, Professor of Biology, Agnes Scott College 

BroperG, Patricia L., Postdoctoral Fellow, Brandeis University 

Browne, L. Barton, Johns Hopkins University 

But er, Etmer G., Professor of Zoology, Princeton University 

CHANUTIN, ALFRED, Professor of Biochemistry, University of Virginia 

Criark, Extor R., Professor Emeritus of Anatomy, University of Pennsylvania 

CLaupatus, Joun C., Head, Department of Biochemistry, The Cancer Institute at Miami 

Conen, Seymour S., Professor of Biochemistry, University of Pennsylvania 

DuBots, ArtHurR, Associate Professor of Physiology, University of Pennsylvania 

Etsen, HerMAN N., Professor of Dermatology, Washington University 

FEENBERG, EuGENE, Professor of Physics, Washington University 

Fries, Ertx F. B., Associate Professor, City College of New York 

GasriEL, Morpecar L., Associate Professor of Biology, Brooklyn College 

Garrron, Hans, Professor of Biochemistry, University of Chicago 

GrinsBerG, Haron S., Associate Professor of Preventive Medicine, Western Reserve University 

GUDERNATSCH, FREDERICK, Director, Cornell University Medical College 

Hackett, Davin P., Associate Professor of Biology, University of Buffalo 

HimMeELrars, Sy.via, Instructor in Physiology, University of Maryland Medical School 

HoserMAn, H. D., Professor of Biochemistry, Albert Einstein College of Medicine 

HorsFAtt, Frank L., Vice-President and Physician-in-Chief, Rockefeller Institute 

Jacoss, M. H., Professor of General Physiology Emeritus, University of Pennsylvania 

Jones, SARAH R., Instructor in Zoology, Connecticut College 

Kaan, HELEN W., Indexer, National Academy of Sciences 

Kasat, Ervin A., Professor of Microbiology, Columbia University 

KarusH, Frep, Professor of Immunochemistry, University of Pennsylvania School of Medicine 

KEosIAN, JOHN, Professor of Biology, Rutgers University 

Krnprep, JAMEs E., Professor of Anatomy, University of Virginia 

Kern, Morton, Professor of Microbiology, Temple University School of Medicine 

LazzaRINI, ABEL A., Associate Professor of Research Surgery, New York University 

Lionett1, Fasran J., Associate Professor of Biochemistry, Boston University School of Medicine 

LocHHEAD, JOHN H., Professor of Zoology, University of Vermont 

LowENsTEIN, Otro, Research Associate in Ophthalmology, Columbia University 

McDona_p, Sister ELIzaBetH Seton, Chairman, Department of Biology, College of Mt. St. 
Joseph 

Marrey, S. Peter, Research Associate, Princeton University 

MarsHAK, ALFRED, Marine Biological Laboratory 

Mavor, JAMES, Professor Emeritus, Union College 

Mout, Epwin T., Associate Professor of Botany, Rutgers University 

OverTON, JANE H., Assistant Professor of Natural Sciences, University of Chicago 

Price, Winston H., Associate Professor of Epidemiology and Biochemistry, Johns Hopkins 
University, School of Hygiene and Public Health 

PULLMAN, BERNARD, Professor of Theoretical Chemistry, University of Paris 

Rotn, Jay S., Associate Professor of Biochemistry, Hahnemann Medical College 

SONNENBLICK, B. P., Professor of Biology, Rutgers University 

SuLkin, S. Epwarp, Professor and Chairman, University of Texas Southwestern Medical 
School 

Swanson, Cart P., Gill Professor in Biology, Johns Hopkins University 

Trurnit, Hans J., Principal Scientist, Research Institute for Advanced Studies 

UzteL, Mayo, Instructor in Biochemistry, Tufts University Medical School 

WHueEeter, Georce Epwarp, Instructor in Biology, Brooklyn College 
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Yntema, CHESTER L., Professor of Anatomy, State University of New York, Upstate Medical 


Center 
Zinn, DonaAtp J., Associate Professor of Zoology, University of Rhode Island 


Students, 1958 
BOTANY 


Bieset, Paut J., Indiana University 

CumMING, KENNETH B., Harvard University Graduate School 
Dawson, Wirtt1aM A., Harvard University 
FarguHarson, Lots I., Franklin College 
FLETcHER, Joyce V., Cornell University 
GaRNETT, ELLEN M., Indiana University 
Grsgs, SARAH P., Woods Hole 

GotpsteIn, MELVIN E., Indiana University 
Goopwin, Mary Linper, Radcliffe College 
Gritto, Ramon S., Fordham University 
Hancock, KENNETH F., University of Alabama 
HorrMAN, Larry RoNnaALp, Iowa State College 
KausHik, Nitra, Vassar College 

MIDDLETON, KATHERINE, Vassar College 
Moran, Marius R., Fordham University 
Morritt, Joy F., University of Alabama 
Mumrorp, F. Joyce, Smith College 

Ropes, Martan C., Radcliffe College 


EMBRYOLOGY 


BLANCHARD, ANN M., State University of Iowa 

Boass, Acna, Radcliffe College 

CaHN, Rosert D., Rockefeller Institute 

CorLetTe, SAtty L., University of Pennsylvania, Institute for Cancer Research 
CRowELL, JANE, Radcliffe College 

DiBerarDINO, Marie A., University of Pennsylvania, Institute for Cancer Research 
Fincu, Cyntu1a L., Oberlin College 

Hunter, Roy, Jr., Brown University 

KaicHN, Morris E., Massachusetts Institute of Technology 
Minpicu, Leonarp E., Rockefeller Institute 

Roserts, B. DEWayNE, Roswell Park Memorial Institute 
Rota, Wittarp D., Harvard Medical School 

SERGENT, DorotHy J., Mount Holyoke College 

SteceL, Pauta H., University of Rochester 

SonNneEBoRN, Davin R., Rockefeller Institute 
THomPson-UpHaMm, A. E., Amherst College 

TROFFKIN, WALTER H., Brooklyn College 

Tumasonis, Rev. Casrmir, Fordham University 

VANABLE, JosEPH W., Brown University 

Vintnc, Georce JosePpH, Yale University 

Wetss, Leon P., Harvard Medical School 

Weston, Cuartes R., Princeton University 


PHYSIOLOGY 
Ascueim, Emm, New York University 


AxeELrop, Davip, Harvard Medical School 
BEAULNES, AURELE, University of Montreal 
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CaRDELL, Rosert R., Jr., University of Virginia 
CreGLer, ANNELIESE M., Marquette University 
Curtis, Brian A., University of Rochester 
Czer_inski, Georc H., Max Planck Inst. physikal Chemie 

Demovsky, Rona.p A., University of Illinois, College of Medicine 

Extiiott, Paut R., University of Michigan 

Faust, Rosert G., Princeton University 

FERRANS, Victor J., Tulane Medical School 

FRANZEN, JAMEs S., University of Illinois 

GotpBerG, Epwarp, Johns Hopkins University 

Goyer, Rosert A., St. Louis University 

GRIFFIN, Joe Lee, Princeton University 

HASELKORN, Ropert, Harvard University 

Hoeset, Bart, Rockefeller Institute 

Hutton, KenneEtTH, C., San Jose State College 

Krause, Rosert L., Haverford College 

Marks, WitiiaM B., Massachusetts Institute of Technology 

Novick, RicHarp P., New York University 

Ro.ier, ANN, California Institute of Technology 

RosENKRANZ, Herspert, Sloan-Kettering Institute 

RUECKERT, RoLAND R., McArdle Memorial Institute, University of Wisconsin 
TryoGstap, Cart W., University of Florida 
WeErsBERG, Rosert A., Harvard College 
Wvyute, RicHarp M., Harvard University 



























INVERTEBRATE ZOOLOGY 











ASHMAN, Rosert F., Wabash College 
Barry, CorNeELtus, University of Maryland 

Bay, Ernest C., Cornell University 

Birxy, Cart WILt1AM, Jr., Indiana University 
BLANK, Fenyja, City College of New York 
BROSEGHINI, ALBERT L., Iowa State College 

CARDELL, Rosert R., Jr., University of Virginia 
Ciark, JAMeEs M., Franklin and Marshall College 
Cooper, Epwiwn L., Atlanta University 

Davis, Rosert P., Cornell University 

Dawson, Ricuarp G., Shawnee-Mission High School 
DRAINVILLE, FATHER GERARD, Université de Montréal 
DunaGAN, Tommy T., Purdue University 

Evprince, Peter J., University of Massachusetts 
FerNow, Leonarp R., Cornell University 

Ficce, Rosauie A., Oberlin College 

Fiske, Trmotuy, University of Minnesota 

Forrest, HeLen F., Rutgers University 

Fox, Sister M. Avice Marte, Saint Louis University 
Gotp, KENNETH, New York University 

Goutp, Epwin, Tulane University 

Grant, Davin C., College of Wooster 

Gussin, ArNoLD Ety, Tulane University 

GuTTMAN, Burton S., University of Minnesota 
Hatt, Dona.p J., University of Michigan 

Harrer, Lora, Marquette University 

HENNEN, SALLY H., Indiana University 

Hirty, Caror R., Oberlin College 
Ketso, Jupitu I., Brown University 
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KroecKEL, Rev. CLARENCE J., St. Joseph’s College 
Leary, Donatp E., Notre Dame 

Leet, Rosemary, Chatham College 

Licut, Paut, Washington University 

Lrnpsay, Davip T., Johns Hopkins University 
Luninc, ANNE, Vassar College 

Macior, Fr. Lazarus, University of Wisconsin 
MacMuLten, Joyce, Cornell University 
McCreasH, ArtHUR H., Temple University 
McRitcuie, Rosert G., Vanderbilt University 
Parne, Ropert T., III, University of Michigan 
Peet, Rosemary E., Drew University 

PernaA, JupITH E., Cornell University 
Rostnson, Martua A., Oberlin College 

Rot, THomas F., Harvard University 
SANCHEZ, Patricio, Rockefeller Foundation 
Savace, Atice M., Brown University 

Scumipt, Rev. Matruias, St. Benedict's College 
SmitH, Wiiuie R., Fordham University 

Snow, Isaset W., Hunter College 

STILWELL, SHIRLEY E., Wheaton College 
Tunnock, SHEILA M., Colby College 

VaHaru, Tru, Syracuse University 

Weston, James A., Yale University 

Wetzet, Bruce K., Harvard University 
Wiuiams, DesoraH C., Tufts University 


ECOLOGY 


Beyers, Ropert J., University of Texas 

Cuor, K1-Cuut, Seoul National University 

CuMMING, KENNETH B., Harvard University 

Fonpa, SHIRLEY L., Oberlin College 

GoupsMiT, EstHer M., University of Michigan 

HocuMAN, Rosert A., Lafayette College 

Mott, Caro_yn J., Mount Holyoke College 

Mvuetter, Wayne Paut, Indiana University 

PaTCHEN, JoAN D., Drew University 

Rosen, Donn Eric, American Museum of National History 
Scutty, Marcaret A., Framingham State Teachers College 
SEWALL, JANE, Goucher College 

Smmucox, RicHarp F., Los Angeles State College 

STAGNER, Marityn L., Duke University 

Wituiams, Ricuarp B., Harvard University 

Witson, Ronatp F., Dartmouth College 


3. FELLOWSHIPS AND SCHOLARSHIPS, 1958 


Lucretia Crocker Scholorship: 
Larry R. HorrMan, Botany Course 
Calkins Scholarship : 
Dona.p J. Hatt, Invertebrate Zoology Course 
PauLa SreceLt, Embryology Course 
WaLTER TROFFKIN, Embryology Course 


Bio Club Scholarship: 


FenyJA BLANK, Invertebrate Zoology 
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4. Taspuctar View oF ATTENDANCE, 1954-58 


1955 









1956 









NN, cc bcd rndddced canna touted 298 250 304 326 410 
EOE OE EE Fe 180 162 184 186 203 
lal arenes 20 9 20 23 39 
EE a CR a ond pane wake ome e es 52 54 50 42 54 
I a 46 25 50 75 114 
I sn emeebenneaee 134 148 140 139 138 
I i i i ae cee ape cies 56 56 55 55 55 
ee uae centile haere oe 29 30 28 27 22 
i 28 30 30 30 27 
I teeta oat a eee ae te ae ae 12 19 18 18 18 
NE a Ak an la ah ea 9 13 9 9 16 














+ 
a 
4 
on 
és 





oo oi in ainn ieee Rameannaeamoeee 432 398 444 
Less persons represented as both investigators and 
PE. Nab sind Recnanenaanmesmer cree seeeucs 



















INSTITUTIONS REPRESENTED—TOTAL ...........+-e00:- 

EE: cote is a lanmbknasapasascwwenwks 104 95 97 94 110 

ee eee ee ade dacdassvoonaeewed 32 34 33 35 74 
ScHOOLS AND ACADEMIES REPRESENTED 

i ae a awaken bknmae 2 3 3 5 

ia ie oS ae ada pln euei wt 1 2 1 1 2 
ForEIGN INSTITUTIONS REPRESENTED 

i ae ek ed cicwas wih ene 11 8 9 11 20 





I Fn ee a can aah sk ewane en 






INSTITUTIONS REPRESENTED, 1958 






Adelphi College Chatham College 
Agnes Scott College Chicago, University of 


Agricultural Research Center Cincinnati, University of 
Alabama, University of City College of New York 









Albert Einstein Medical School Colby College 

. Albion College Colgate University 
American Heart Association Colorado, University of 
American Museum of Natural History Columbia University 





Amherst College Columbia University College of Physicians 
Army Chemical Center and Surgeons 

Atlanta University Connecticut College 

Barnard College Connecticut, University of 

Baylor University Cornell University 












Boston University School of Medicine Cornell University Medical School 
Brandeis University Dartmouth College 

Brooklyn College Drew University 

Brown University Duke University 

Bryn Mawr College Eli Lilly and Company 

Buffalo, University of Emory University 

California Institute of Technology Florida State University 

California, University of Fordham University 

Cancer Institute of Miami Framingham State Teachers College 
Carnegie Institute of Technology Franklin College 






Carnegie Institution of Washington Franklin and Marshall College 





HAPTENS OF UNFERTILIZED EGGS 


Goucher College 

Hahnemann Medical School 

Harvard University 

Harvard University Medical School 

Haverford College 

Howard Hughes Medical Institute 

Hunter College 

Illinois, University of 

Indiana State Teachers College 

Indiana University 

Institute for Muscle Research 

Iowa State University 

Johns Hopkins University 

Lafayette College 

Los Angeles State College 

Louisiana State University 

Maine, University of 

Marquette University 

Maryland, University of 

Mass. Eye and Ear Infirmary 

Mass. General Hospital 

Mass. Institute of Technology 

Massachusetts, University of 

Michigan, University of 

Minnesota, University of 

Mount Holyoke College 

Mt. St. Joseph, College of 

National Academy of Sciences 

National Institutes of Health 

Naval Medical Research Institute 

New York, State University of, 
School at Syracuse 

New York, State University of, at Brooklyn 

New York University, Bellevue Medical 
Center 

New York University, School of Dentistry 

New York University, Washington Square 
College 

North Carolina State College 

North Carolina, University of 

Northwestern University 

Notre Dame University 

Oak Ridge National Laboratory 

Oberlin College 

Oklahoma, University of 

Oregon, University of 

Pennsylvania, University of 

Pennsylvania Medical School, University of 

Pittsburgh, University of 

Polytechnic Institute of Brooklyn 


Medical 


ForEIGN INSTITUTIONS 


Australian National University, Australia 
Universidade de Bahia, Brazil 

Atomic Energy Authority, British Isles 
Kings College, British Isles 

University of Cambridge, British Isles 


Princeton University 

Purdue University 

Queens College 

Radcliffe College 

Reed College 

Research Institute for Advanced Studies 

Rhode Island, University of 

Rochester, University of 

Rockefeller Institute for Medical Research 

Roswell Park Memorial Institute 

Rutgers University 

St. Benedict’s College 

St. Joseph College for Women 

St. Joseph’s College 

St. Louis University 

St. Peter’s College 

San Jose State College 

Seton Hall College 

Seton Hill College 

Sloan-Kettering Institute 

Smith College 

Southwest Texas State Teachers College 

Syracuse University 

Temple University 

Texas Lutheran College 

Texas, University of 

Texas, University of, Southwestern Medical 
School 

Tufts University 

Tufts University Medical School 

Tulane University 

Tulane University Medical School 

Union College 

U. S. Fish and Wildlife Service 

U. S. Public Health Service 

Vanderbilt University 

Vassar College 

Vermont, University of 

Veterans’ Administration Hospital 

Virginia, University of 

Washington University 

Washington University Medical School 

Western Reserve University 

Wheaton College 

Wilson College 

Wisconsin, University of 

Wooster, College of 

Yale University 

Yeshiva University 


REPRESENTED, 1958 


University of Reading, British Isles 
McMaster University, Canada 

University of Montreal, Canada 

University of Chile, Chile 

Ecole Scientia et Faculty de Mecidna, France 
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Max Planck Institut fiir physikalische Chemie, Kogoshima University, Japan 
Germany Tokyo Jikei-kai School of Medicine, Japan 

Physiological Institute of Heidelberg, Ger- University of Tokyo, Japan 

Seoul National Institute, Korea 


many 
University of Tiibingen, Germany University of Otago, New Zealand 
University of Hawaii Fagellonian University, Poland 
Central College, University of Mysore, India University of Puerto Rico, Puerto Rico 
University of Palermo, Italy Wenner Grens Institute, Sweden 
Hebrew University, Hadassah Medical School, Institute de Investigaciones Medicas, Vene- 
Jordan zuela 


SUPPORTING INSTITUTIONS AND AGENCIES, 1958 


Abbott Laboratories Eli Lilly and Company 
American Cancer Society Merck and Company, Inc. 
American Philosophical Society National Institutes of Health 
Associates of the Marine Biological Laboratory National Science Foundation 
Atomic Energy Commission Office of Naval Research 
Ciba Pharmaceutical Products, Inc. The Pfizer Foundation, Inc. 
Josephine B. Crane Foundation The Rockefeller Foundation 
Carter Products Inc. Schering Corporation 

The Grass Foundation Smith, Kline and French Foundation 
Hoffman-LaRoche, Inc. Wyeth Laboratories 

The Lalor Foundation The Upjohn Company 





6. Frmay Eventnc Lectures, 1958 





July 4 
Aumunt Seuwt-GyGneer oo... 6. cc cccees “Muscle and energetics” 
July 11 
Caer Si PIPTMBRIGE oo cos ccs cncccss “A coupled oscillator scheme for the daily 
rhythms of organisms” 
July 18 
A TR. SOE akin ccs wise doiicctes “Bacterial mutants and the study of cell 


physiology” 
July 25 


ree GK TOE kin sk ii ie ss. “The physiological control of fertility” 
August 1 

ee rer ere “The dissemination of genetic substance” 
August 8 

SUUPMR We. KUPPERR onoic.es ccnccicsie “A single nerve cell looks at neurophysiol- 

ogy” 

August 15 

Be Ws PING io ak kde diidcksaa wes “The submicroscopic structure and func- 


tional behavior of the membranous com- 
ponents of the cytoplasm” 
August 22 
pT Deere “Electronic structure and activity in cancer 
chemotherapy of purine antimetabolites” 


TuEespAY EvENING SEMINARS, 1958 


July 1 
SED cI Sado. acuta nh ve wee ormacsio kc “Reconstitution from one germ layer in 


Cordylophora (hydroid)” 
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MAXWELL BRAVERMAN 
S. Meryt Rose 
July 8 
FrepDERICK A, BETTELHEIM 
Paut S. GALTSOFF 


BENJAMIN LOWENHAUPT 


July 15 
P. W. WHITING 
SeaRS CROWELL 
C. C. SPEIDEL 

July 22 
James LasH 
MENACHEM WuRZEL 


IrvIN ISENBERG 


July 29 
A. J. BernaTowIcz 


DeMOREST DAVENPORT 


EveLyN SHAW 
CHARLES JENNER 
August 5 
ArTHUR L. CoLwIN and 
Laura H. CoLwin 
CHartes B. Merz 


LioneL I. REBHUN 


August 12 
G. W. pe VittaFranca, T. S. 


SCHEINBLUM and D. E. Puirpottr .... 


D. W. BisHop 


L. NELson 


“Neural and mesodermal hierarchies in 
chick development” 
“Mutual growth inhibition in frog tadpoles” 


“The nature of chromatographic amylose 
and amylopectin fractions” 

“Coordination of ciliary motion and muscu- 
lar activity in Ostrea virginica” 

“The carrier for calcium transport in aquatic 
leaves” 


“Factors and genes in Mormoniella” 

“Tail regeneration in experimentally short- 
ened and lengthened earthworms” 

‘Motion pictures showing some changes in 
cells induced by x-ray treatments of tad- 
poles and tetrahymenae” 


“The uptake of radiosulphur during the in- 
duction of cartilage” 

“Mode of action of choline esters, substrate 
specificity of their ‘receptor protein’ ” 

“Free radical formation in riboflavin com- 
plexes” 


“Ecological isolation of alternate generations 
of plants” 

“A technique of investigating the effect of 
host-factor on the behavior of polychaete 
and crustacean commensals” 

“The development of schooling behavior in 
the silverside fish, Menidia menidia”’ 

“Schooling behavior in the marine snail, 
Nassarius obsoletus”’ (with colored movie) 


“Effects of sperm extract and other agents 
on the egg membranes, in relation to 
sperm entry in Hydroides’”’ 

“Fertilization and agglutination inhibitors 
from Arbacia” 

“Behavior of metachromatic granules during 
cleavage in Spisula” 


“The a-band of muscle from Limulus poly- 
phemus” 

“Sperm cell models and the question of 
ATP-induced rhythmic motility” 

“ATP—An energy source for sperm mo- 
tility” 
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i A: cankaninans sodas wneenes “Polarized optical studies on Ameba’”’ 
EP RNO 0605.00 SEER Ce iEied “Isolation and analysis of cilia” 
August 19 

a ED, os cn cktehenieesdewen “A physical study of the ground substance 
of the Spisula egg” 

CA TN 04060 ci nsenioinkvennes “Physical properties of lobster nerve axo- 
plasm” 

Roneny W.. BERWMIAM ...o cece vcccciess: “Some aspects of the nuclear membrane in 


developing sand dollar eggs” 


8. MEMBERS OF THE CORPORATION, 1958 
1. 


BroprzE, Mr. DonaALp M., 522 Fifth Avenue, New York 18, New York 
Catvert, Dr. Puivip P., University of Pennsylvania, Philadelphia, Pennsylvania 
Carver, Dr. Gari L., Mercer University, Macon, Georgia 

Core, Dr. Exsert C., 2 Chipman Park, Middlebury, Vermont 

Cownry, Dr. E. V., Washington University, St. Louis, Missouri 

CRANE, Mrs. W. Murray, Woods Hole, Massachusetts 

DepERER, Dr. PAULINE H., Connecticut College, New London, Connecticut 
GoLpFARB, Dr. A. J., College of the City of New York, New York City, New York 
KNowLTOoNn, Dr. F. P., 1356 Westmoreland Avenue, Syracuse, New York 
Lewis, Dr. W. H., Johns Hopkins University, Baltimore, Maryland 

LowTHER, Dr. FLORENCE DEL., Barnard College, New York City, New York 
MacNaucGurt, Mr. Frank M., Woods Hole, Massachusetts 

Mack Lin, Dr. Cuart-es C., 37 Gerard Street, London, Ontario 

MALong, Dr. E. F., 6610 North 11th Street, Philadelphia 26, Pennsylvania 
Means, Dr. J. H., 15 Chestnut Street, Boston, Massachusetts 

Moore, Dr. J. Percy, University of Pennsylvania, Philadelphia, Pennsylvania 
PayNE, Dr. FerNANDusS, Indiana University, Bloomington, Indiana 

Porter, Dr. H. C., University of Pennsylvania, Philadelphia, Pennsylvania 
Riccs, Mr. Lawrason, 74 Trinity Place, New York 6, New York 

Scott, Dr. Ernest L., Columbia University, New York City, New York 
Turner, Dr. C. L., Northwestern University, Evanston, Illinois 

Waite, Dr. F. G., 144 Locust Street, Dover, New Hampshire 

Wa tace, Dr. Loutse B., 359 Lytton Avenue, Palo Alto, California 

Warren, Dr. Herzert S., 610 Montgomery Avenue, Bryn Mawr, Pennsylvania 
Youne, Dr. B. P., Cornell University, Ithaca, New York 






Lire MEMBERS 





2. REGULAR MEMBERS 


ABELL, Dr. Ricuarp G., 7 Cooper Road, New York City, New York 
Apams, Dr. A. ELt1zABseTH, Mount Holyoke College, South Hadley, Massachusetts 
Appison, Dr. W. H. F., 286 East Sidney Avenue, Mount Vernon, New York 
Avotpn, Dr. Epwarp F., University of Rochester School of Medicine and 
Dentistry, Rochester, New York 

ALBERT, Dr. ALEXANDER, Mayo Clinic, Rochester, Minnesota 

ALLEN, Dr. M. Jean, Department of Biology, Wilson College, Chambersburg, 
Pennsylvania 
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ALLEN, Dr. Rosert D., Department of Biology, Princeton University, Princeton, 
New Jersey 

AtscHer, Dr. Rutu, Department of Physiology, Manhattanville College, Purchase, 
New York 

Amperson, Dr. WILLIAM R., Department of Physiology, University of Maryland 
School of Medicine, Baltimore, Maryland 

Anperson, Dr. J. M., Department of Zoology, Cornell University, Ithaca, New 
York 

Anpverson, Dr. Rupert S., Medical Laboratories, Army Chemical Center, Mary- 
land (Box 632 Edgewood, Maryland) 

Anperson, Dr. T. F., c/o Dr. A. Lurff, Institut Pasteur, 28 Rue du Dr. Roux, 
Paris 15e, France 

ArmstroncG, Dr. Puivip B., State University of New York College of Medicine, 
Syracuse 10, New York 

Arnotp, Dr. WittiaM A., Division of Biology, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 

Atwoop, Dr. Kimsatt C., 6029 University Avenue, Chicago 37, Illinois 

Austin, Dr. Mary L., Wellesley College, Wellesley, Massachusetts 

Ayers, Dr. JoHN C., Department of Zoology, University of Michigan, Ann Arbor, 
Michigan 

BAITSELL, Dr. GeorcEe A., Osborn Zoological Laboratories, Yale University, New 
Haven, Connecticut 

Baker, Dr. H. B., Department of Zoology, University of Pennsylvania, Philadel- 
phia 4, Pennsylvania 

Batt, Dr. Eric G., Department of Biological Chemistry, Harvard University 
Medical School, Boston 15, Massachusetts 

BALLARD, Dr. WILLIAM W., Dartmouth College, Hanover, New Hampshire 

Banc, Dr. F. B., Department of Pathobiology, Johns Hopkins University School 
of Hygiene, Baltimore 5, Maryland 

Barp, Dr. Puitip, Johns Hopkins Medical School, Baltimore, Maryland 

BartH, Dr. L. G., Department of Zoology, Columbia University, New York 27, 
New York 

BartLett, Dr. James H., Department of Physics, University of Illinois, Urbana, 
Illinois 

Beams, Dr. Harotp W., Department of Zoology, State University of Iowa, Iowa 
City, Iowa 

Beck, Dr. L. V., Department of Physiology and Pharmacology, University of Pitts- 
burgh School of Medicine, Pittsburgh 13, Pennsylvania 

Beers, Dr. C. D., Department of Zoology, University of North Carolina, Chapel 
Hill, North Carolina 

Beure, Dr. Extnor H., Black Mountain, North Carolina 

ce Dr. REINHOLD, Marine Biological Laboratory, Woods Hole, Massa- 
chusetts 

Benescu, Dr. RutH, Marine Biological Laboratory, Woods Hole, Massachusetts 

Bennett, Dr. Miriam F., Department of Biology, Sweet Briar College, Sweet 
Briar, Virginia 

Bere, Dr. Witt1am E., Department of Zoology, University of California, Berke- 
ley 4, California 
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BERMAN, Dr. Mones, Institute for Arthritis and Metabolic Diseases, National Insti- 
tutes of Health, Bethesda 14, Maryland 
BERNHEIMER, Dr. ALAN W., New York University College of Medicine, New York 
16, New York 
BERNSTEIN, Dr. Maurice, Department of Anatomy, Wayne University College of 
Medicine, Detroit 7, Michigan 
BerTHOLF, Dr. Lioyp, Illinois Wesleyan University, Bloomington, Illinois 
BEVELANDER, Dr. Gerrit, New York University School of Medicine, New York 
16, New York 
BiceLow, Dr. Henry B., Museum of Comparative Zoology, Harvard University, 
Cambridge 38, Massachusetts 
Bisuop, Dr. Davin W., Department of Embryology, Carnegie Institution of Wash- 
ington, Baltimore 5, Maryland 
3LANCHARD, Dr. K. C., Johns Hopkins Medical School, Baltimore, Maryland 
Biocu, Dr. Rosert, 518 South 42nd Street, Apt. C 7, Philadelphia 4, Pennsylvania 
Bium, Dr. Harowp F., Department of Biology, Princeton University, Princeton, 
New Jersey 
Bopansky, Dr. Oscar, Department of Biochemistry, Memorial Cancer Center, 444 
East 68th Street, New York 21, New York 
3op1AN, Dr. Davin, Department of Anatomy, Johns Hopkins University, 709 
North Wolfe Street, Baltimore 5, Maryland 
30ELL, Dr. Epcar J., Osborn Zoological Laboratories, Yale University, New 
Haven, Connecticut 
BoetticeR, Dr. Epwarp G., Department of Zoology, University of Connecticut, 
Storrs, Connecticut 
Botp, Dr. Harotp C., Department of Botany, University of Texas, Austin, Texas 
Borer, Dr. Hans, Department of Zoology, University of Pennsylvania, Philadel- 
phia 4, Pennsylvania 
Bowen, Dr. VAUGHAN T., Woods Hole Oceanographic Institution, Woods Hole, 
Massachusetts 
Brapvey, Dr. Harovp C., 2639 Durant Avenue, Berkeley 4, California 
BripGMan, Dr. AnNa J., Department of Biology, Agnes Scott College, Decatur, 
Georgia 
Bronk, Dr. Detiev W., Rockefeller Institute, 66th Street and York Avenue, New 
York 21, New York 
Brooks, Dr. Matitpa M., Department of Physiology, University of California, 
Berkeley 4, California 
Brown, Dr. Ducatp E. S., Department of Zoology, University of Michigan, Ann 
Arbor, Michigan 
Brown, Dr. Frank A., Jr., Department of Biological Sciences, Northwestern 
University, Evanston, Illinois 
3ROWNELL, Dr. KATHERINE A., Department of Physiology, Ohio State University, 
Columbus, Ohio 
Buck, Dr. Joun B., Laboratory of Physical Biology, National Institutes of Health, 
Bethesda 14, Maryland 
Buttineton, Dr. W. E., Randolph-Macon College, Ashland, Virginia 
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Buttock, Dr. T. H., Department of Zoology, University of California, Los An- 
geles 24, California 

BurBANCK, Dr. WiLLi1AM D., Box 721, Woods Hole, Massachusetts 

Burpick, Dr. C. LAtor, The Lalor Foundation, 4400 Lancaster Pike, Wilmington, 
Delaware 

BurKENROAD, Dr. M. D., c/o Lab. Nal. de Pesca, Apartado 3318, Estofeta #1, 
Olindania, Republic of Panama 

Butcer, Dr. E. G., Department of Biology, P.O. Box 704, Princeton University, 
Princeton, New Jersey 

CaMmErON, Dr. J. A., Baylor College of Dentistry, Dallas, Texas 

CantTonlI, Dr. GiuLio, National Institutes of Health, Mental Health, Bethesda 14, 
Maryland 

Cartson, Dr. Francis D., Department of Biophysics, Johns Hopkins University, 
Baltimore 18, Maryland 

CARPENTER, Dr. Russet L., Tufts University, Medford 55, Massachusetts 

Carson, Miss Racuet, 11701 Berwick Road, Silver Spring, Maryland 

Case, Dr. JAmMeEs, Department of Zoology, State University of Iowa, Iowa City, 
lowa 

CatTELL, Dr. McKeen, Cornell University Medical College, 1300 York Avenue, 
New York City, New York 

CatTELL, Mr. Ware, Cosmos Club, Washington 5, D. C. 

Cuaet, Dr. ALFrep B., Department of Biology, American University, Washing- 
ton 16, D. C. 

Cuamsers, Dr. Epwarp, Department of Physiology, University of Miami Medical 
School, Coral Gables, Florida 

Cuanc, Dr. Josepu J., National Institute of Neurological Diseases and Blindness, 
National Institutes of Health, Bethesda 14, Maryland 

Cuase, Dr. Aurin M., Department of Biology, Princeton University, Princeton, 
New Jersey 

Cueney, Dr. Ratpu H., Biology Department, Brooklyn College, Brooklyn 10, 
New York 

Ciarr, Dr. C. Ltoyp, 5 Van Beal Road, Randolph, Massachusetts 

Crark, Dr. A. M., Department of Biology, University of Delaware, Newark, 
Delaware 

CLark, Dr. E. R., The Wistar Institute, Woodland Avenue and 36th Street, Phila- 
delphia 4, Pennsylvania 

CLark, Dr. Leonarp B., Department of Biology, Union College, Schenectady, 
New York 

CLARKE, Dr. Georce L., Harvard University, Biological Laboratories, Cambridge 
38, Massachusetts 

CLELAND, Dr. Ratpu E., Indiana University, Bloomington, Indiana 

CLEMENT, Dr. A. C., Department of Biology, Emory University, Atlanta, Georgia 

Ciowes, Dr. G. H. A., Eli Lilly and Company, Indianapolis, Indiana 

Cor, Dr. W. R., 183 Third Avenue, Chula Vista, California 

Coen, Dr. Seymour S., Department of Physiological Chemistry, University of 
Pennsylvania, Philadelphia 4, Pennsylvania 
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Cote, Dr. KenNetH S., National Institutes of Health (NINDB), Bethesda 14, 
Maryland 

Cottett, Dr. Mary E., 34 Weston Road, Wellesley 81, Massachusetts 

Cottier, Dr. JAcK R., Department of Zoology, Louisiana State University, Baton 
Rouge, Louisiana 

Cotton, Dr. H. S., Box 601, Flagstaff, Arizona 

CoL_win, Dr. ARTHUR L., Department of Biology, Queens College, Flushing, New 


York 
Cotwin, Dr. Laura H., Department of Biology, Queens College, Flushing, New 


York 

Cooper, Dr. KENNETH W., Department of Zoology, University of Florida, Gaines- 
ville, Florida 

CoopeRSTEIN, Dr. SHERWIN J., Department of Anatomy, Western Reserve Uni- 
versity Medical School, Cleveland, Ohio 

CopELAND, Dr. D. E., 8705 Susanna Lane, Chevy Chase 15, Maryland 

CopELAND, Dr. Manton, Bowdoin College, Brunswick, Maine 

CornMAN, Dr. Ivor, Hazleton Laboratories, Box 333, Falls Church, Virginia 

CosteLLo, Dr. Donacp P., Department of Zoology, University of North Carolina, 
Chapel Hill, North Carolina 

CosteLLo, Dr. HELEN MIL-er, Department of Zoology, University of North Caro- 
lina, Chapel Hill, North Carolina 

Crane, Mr. JoHN O., Woods Hole, Massachusetts 

Crane, Dr. Rosert K., Department of Biological Chemistry, Washington Univer- 
sity Medical School, St. Louis, Missouri 

CroAspALe, Dr. HANNAH T., Dartmouth College, Hanover, New Hampshire 

Crouse, Dr. HELEN V., Goucher College, Towson, Baltimore 4, Maryland 

Crowe t, Dr. P. S., Jr., Department of Zoology, Indiana University, Blooming- 
ton, Indiana 

Csapo, Dr. Arpap I., Rockefeller Institute for Medical Research, 66th Street and 
York Avenue, New York 21, New York 

Curtis, Dr. Maynie R., University of Miami, Box 1015, South Miami, Florida 

Curtis, Dr. W. C., University of Missouri, Columbia, Missouri 

Dan, Dr. JEAN CLARK, Misaki Biological Station, Misaki, Japan 

Dan, Dr. KatsuMA, Misaki Biological Station, Misaki, Japan 

DaANIELLI, Dr. JAMes F., Department of Zoology, King’s College, London, England 

Davis, Dr. BERNARD D., Harvard Medical School, 25 Shattuck Street, Boston 15, 


Massachusetts 
Dawson, Dr. A. B., Biological Laboratories, Harvard University, Cambridge 38, 


Massachusetts 
Dawson, Dr. A. J., College of the City of New York, New York City, New York 
DEANE, Dr. HELEN W., Albert Einstein College of Medicine, New York 61, New 

York 
Ditcer, Dr. [RENE C., Institute for Cancer Research, Fox Chase, Philadelphia, 

Pennsylvania 
Divcer, Dr. WiLt1aM F., 2417 Fairhill Avenue, Glenside, Pennsylvania 
Dixon, Dr. FRANK J., Department of Pathology, University of Pittsburgh School 
of Medicine, Pittsburgh 13, Pennsylvania 
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Dopps, Dr. G. S., West Virginia University School of Medicine, Morgantown, 
West Virginia 

Dottey, Dr. Witiiam L., Department of Biology, Randolph-Macon College, 
Ashland, Virginia 

Donacpson, Dr. JoHN C., University of Pittsburgh School of Medicine, Pitts- 
burgh, Pennsylvania 

Dory, Dr. Maxwe tt S., Department of Biology, University of Hawaii, Honolulu, 
T. H. 

DuBois, Dr. EuGENE F., 200 East End Avenue, New York 28, New York 

Durvee, Dr. Witti1AM R., George Washington University School of Medicine, 
Department of Physiology, Washington 5, D. C. 

Epps, Dr. Mac V., Jr., Department of Biology, Brown University, Providence 12, 
Rhode Island 

Epwarps, Dr. CHARLES, University of Utah, Salt Lake City, Utah 

Eicuet, Dr. Hersert J., Hahnemann Medical College, Philadelphia, Pennsylvania 

Ectiot, Dr. ALFRED M., Department of Zoology, University of Michigan, Ann 
Arbor, Michigan 

EssNerR, Dr. Epwarp S., Department of Pathology, Albert Einstein College of 
Medicine, New York 61, New York 

Evans, Dr. Titus C., State University of lowa, lowa City, lowa 

Faria, Dr. G., Columbia University, College of Physicians and Surgeons, New 
York 32, New York 

FAURE-FREMIET, Dr. EMMANUEL, Collége de France, Paris, France 

Fercuson, Dr. F. P., Department of Physiology, University of Maryland Medical 
School, Baltimore 1, Maryland 

Fercuson, Dr. James K. W., Connought Laboratories, University of Toronto, 
Ontario, Canada 

Ficce, Dr. F. H. J., University of Maryland Medical School, Lombard and Green 
Streets, Baltimore 1, Maryland 

FINGERMAN, Dr. Mitton, Department of Zoology, Newcomb College, Tulane 
University, New Orleans 18, Louisiana 

FiscHer, Dr. Ernst, Department of Physiology, Medical College of Virginia, 
Richmond 19, Virginia 

FisHErR, Dr. JEANNE M., Department of Biochemistry, University of Toronto, 
Toronto, Canada 

FisHer, Dr. KENNETH C., Department of Biology, University of Toronto, Toronto, 
Canada 

Forbes, Dr. ALEXANDER, Biological Laboratories, Harvard University, Cambridge 
38, Massachusetts 

FRAENKEL, Dr. Gottrriep S., Department of Entomology, University of Illinois, 
Urbana, Illinois 

FREYGANG, Dr. WALTER H., Jr., P. O. Box 11, Poolesville, Maryland 

Fries, Dr. Erk F. B., Box 605, Woods Hole, Massachusetts 

Friscu, Dr. Joun A., Canisius College, Buffalo, New York 

Furtn, Dr. Jaco, 18 Springdale Road, Wellesley Farms, Massachusetts 

Fyre, Dr. Paut M., Director, Woods Hole Oceanographic Institution, Woods 
Hole, Massachusetts 
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GasRIEL, Dr. Morvecat, Department of Biology, Brooklyn College, Brooklyn 10, 
New York 

GAFFRON, Dr. Hans, Research Institutes, University of Chicago, 5650 Ellis 
Avenue, Chicago 37, Illinois 

GALL, Dr. Josepu G., Department of Zoology, University of Minnesota, Minneapolis 
14, Minnesota 

GALTSOFF, Dr. PAu S., Woods Hole, Massachusetts 

GasseR, Dr. HERBERT S., Rockefeller Institute, 66th Street and York Avenue, 
New York 21, New York 

GILMAN, Dr. Lauren C., Department of Zoology, University of Miami, Coral 
Gables, Florida 

GINSBERG, Dr. Haron S., Western Reserve University School of Medicine, Cleve- 
land, Ohio 

GoopcuHILp, Dr. CHauncey G., Department of Biology, Emory University, Atlanta 
22, Georgia 

GoopricH, Dr. H. B., Wesleyan University, Middletown, Connecticut 

GOTSCHALL, Dr. GERTRUDE Y., Rockefeller Institute, 66th Street and York Avenue, 
New York 21, New York 

Goutp, Dr. H. N., Biological Sciences Information Exchange, 1113 Dupont Circle 
Building, Washington, D. C. 

GRAHAM, Dr. Herpert, U. S. Fish and Wildlife Service, Woods Hole, Massachu- 
setts 

GRAND, Mr. C. G., Dade County Cancer Institute, 1155 N. W. 15th Street, Miami, 
Florida 

GRANT, Dr. M. P., Sarah Lawrence College, Bronxville, New York 

GRANT, Dr. Puitip, Department of Pathobiology, Johns Hopkins University School 
of Hygiene, Baltimore 5, Maryland 

Gray, Dr. Irvine E., Department of Zoology, Duke University, Durham, North 
Carolina 

GREEN, Dr. JAMES W., Department of Physiology, Rutgers University, New 
Brunswick, New Jersey 

GREEN, Dr. Maurice, Microbiology Department, St. Louis University Medical 
School, St. Louis, Missouri 

Grecc, Dr. James H., Department of Biological Sciences, University of Florida, 
Gainesville, Florida 

Grecc, Dr. Joun R., Department of Zoology, Duke University, Durham, North 
Carolina 

Gretr, Dr. Rocer L., Department of Physiology, Cornell University Medical Col- 
lege, New York 21, New York 

GrirFin, Dr. Donatp R., Harvard University, Biological Laboratories, Cam- 
bridge 38, Massachusetts 

Groscu, Dr. Dantet S., Department of Genetics, Gardner Hall, North Carolina 
State College, Raleigh, North Carolina 

Gross, Dr. Paut, Department of Biology, New York University, University 
Heights, New York 53, New York 

Grunoprest, Dr. Harry, Columbia University, College of Physicians and Surgeons, 

New York City, New York 








REPORT OF THE DIRECTOR 35 


GUDERNATSCH, Dr. FREDERICK, 41 Fifth Avenue, New York 3, New York 

GuTurig, Dr. Mary J., Detroit Institute for Cancer Research, 4811 John R. Street, 
Detroit, Michigan 

GutrmMan, Dr. Rita, Department of Physiology, Brooklyn College, Brooklyn 10, 
New York 

Guyer, Dr. MicHaet F., University of Wisconsin, Madison, Wisconsin 

Hajpu, Dr. STEPHEN, U. S. Public Health Institute, Bethesda 14, Maryland 

Hatt, Dr. Frank G., Department of Physiology, Duke University Medical School, 
Durham, North Carolina 

HAMBURGER, Dr. VIKTOR, Department of Zoology, Washington University, St. 
Louis, Missouri 

HamMILTon, Dr. Howarp L., Department of Zoology, Iowa State College, Ames, 
Iowa 

Hance, Dr. Rosert T., Box R.R. #3, Loveland, Ohio 

HarpinG, Dr. CLiFForD V., Jr., Columbia University Medical School, New York 
City, New York 

HarNniy, Dr. Morris H., Washington Square College, New York University, 
New York 3, New York 

Harrison, Dr. Ross G., Osborn Zoological Laboratories, Yale University, New 
Haven, Connecticut 

Hart.ine, Dr. H. Kerrer, Rockefeller Institute for Medical Research, 66th Street 
and York Avenue, New York 21, New York 

HarTMAN, Dr. Frank A., Hamilton Hall, Ohio State University, Columbus, Ohio 

Harvey, Dr. E. Newton, Guyot Hall, Princeton University, Princeton, New 
Jersey 

Harvey, Dr. ETHEL Browne, 48 Cleveland Lane, Princeton, New Jersey 

Hauscuka, Dr. T. S., Roswell Park Memorial Institute, 666 Elm Street, Buffalo 
3, New York 

Haxo, Dr. Francis T., Division of Marine Botany, Scripps Institute of Ocean- 
ography, University of California, La Jolla, California 

Hayasui, Dr. Teru, Department of Zoology, Columbia University, New York 
27, New York 

Haypen, Dr. Marcaret A., 34 Weston Road, Wellesly 81, Massachusetts 

Haywoop, Dr. CHARLOTTE, Mount Holyoke College, South Hadley, Massachusetts 

HEILBRUNN, Dr. L. V., Department of Zoology, University of Pennsylvania, 
Philadelphia 4, Penna. 

Henpitey, Dr. Cuarces D., 615 South Second Avenue, Highland Park, New 
Jersey 

HEN Ley, Dr. CATHERINE, Department of Zoology, University of North Carolina, 
Chapel Hill, North Carolina 

Hervey, Dr. Joun P., Box 735, Woods Hole, Massachusetts 

Hess, Dr. WALTER N., Hamilton College, Clinton, New York 

Hiatt, Dr. Howarp H., Department of Medicine, Harvard Medical School, Boston 
15, Massachusetts 

Hissarp, Dr. Hope, Department of Zoology, Oberlin College, Oberlin, Ohio 

Hitt, Dr. Samuet E., 135 Brunswick Road, Troy, New York 

Hinricus, Dr. Marie, 344E Quincy Street, Riverside, Illinois 
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Hisaw, Dr. F. L., Biological Laboratories, Harvard University, Cambridge 38, 
Massachusetts 

Hoaptey, Dr. Leicu, Biological Laboratories, Harvard University, Cambridge 
38, Massachusetts 

Hopce, Dr. Cuartes, IV, Department of Biology, Temple University, Philadelphia, 
Pennsylvania 

HorrMaNn, Dr. JosepH, National Heart Institute, National Institutes of Health, 
Bethesda 14, Maryland 

Hocur, Dr. Mary J., University of Pennsylvania Medical School, Philadelphia, 
Pennsylvania 

HoLLAENDER, Dr. ALEXANDER, Biology Division, O.R.N.L., Oak Ridge, Tennessee 

Hopkins, Dr. Hoyt S., New York University College of Dentistry, New York 
City, New York 

Hunter, Dr. Francis R., University of the Andes, Calle 18-a Carreral-E, Bogata, 
Colombia, South America 

HutcuHens, Dr. Joun O., Department of Physiology, University of Chicago, 
Chicago 37, [llinois 

Hype, Dr. Beat B., Department of Plant Sciences, University of Oklahoma, Nor- 
man, Oklahoma 

HymAN, Dr. Lissre H., American Museum of Natural History, Central Park 
West at 79th Street, New York 24, New York 

IRvING, Dr. LAuRENCE, U. S. Public Health Service, Anchorage, Alaska 

IsELIN, Mr. Cotumsus O’D., Woods Hole, Massachusetts 

Jacons, Dr. M. H., University of Pennsylvania School of Medicine, Philadelphia 4, 
Pennsylvania 

Jacons, Dr. WiLt1AM P., Department of Biology, Princeton University, Princeton, 
New Jersey 

Jenner, Dr. Cuartes E., Department of Zoology, University of North Carolina, 
Chapel Hill, North Carolina 

Jounson, Dr. Frank H., Biology Department, Princeton University, Princeton, 
New Jersey 

Jones, Dr. E. 
Florida, Gainesville, Florida 

Kaan, Dr. HELEN W., Marine Biological Laboratory, Woods Hole, Massachu- 


RuFFiIn, Jr., Department of Biological Sciences, University of 


setts 

Kapat, Dr. E. A., Neurological Institute, College of Physicians and Surgeons, 
New York City, New York 

Karusu, Dr. Frep, Department of Pediatrics, University of Pennsylvania, Phila- 
delphia, Pennsylvania 

KaAuFrMANN, Dr. B. P., Carnegie Institution, Cold Spring Harbor, Long Island 
New York 

Kemp, Dr. NorMAn E., Department of Zoology, University of Michigan, Ann 
Arbor, Michigan 

Kempton, Dr. Rupotr T., Department of Zoology, Vassar College, Poughkeepsie, 
New York 

Krostan, Dr. Jonn, Department of Biology, Rutgers University, Newark 2, 


New Jersey 
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Ketcuum, Dr. Bostwick, Woods Hole Oceanographic Institution, Woods Hole, 
Massachusetts 

Kittie, Dr. Frank R., State Department of Education, Albany 1, New York 

Krinp, Dr. C. ALBERT, Department of Chemistry, University of Connecticut, Storrs, 
Connecticut 

Krnprep, Dr. J. E., University of Virginia, Charlottesville, Virginia 

Kinc, Dr. Joun W., Morgan State College, Baltimore 12, Maryland 

Kinc, Dr. Rosert L., State University of lowa, Iowa City, Iowa 

Kiscu, Dr. Bruno, 845 West End Avenue, New York City, New York 

KLEINHOLZ, Dr. Lewis H., Department of Biology, Reed College, Portland, Oregon 

Kiotz, Dr. I. M., Department of Chemistry, Northwestern University, Evanston, 
Illinois 

Kotin, Dr. ALEXANDER, Department of Biophysics, California Medical School, 
Los Angeles 24, California 

Korr, Dr. I. M., Department of Physiology, Kirksville College of Osteopathy, 
Kirksville, Missouri 

KraHu_, Dr. M. E., Department of Physiology, University of Chicago, Chicago 37, 
Illinois 

Krauss, Dr. Rosert, Department of Botany, University of Maryland, Baltimore 5, 
Maryland 

KrEIG, Dr. WENDELL J. S., 303 East Chicago Avenue, Chicago, Illinois 

KuFFLER, Dr. STEPHEN, Department of Ophthalmology, Johns Hopkins Hospital, 
Baltimore 5, Maryland 

Kunitz, Dr. Moses, Rockefeller Institute, 66th Street and York Avenue, New 
York 21, New York 

Lackey, Dr. JAMEs B., Box 497, Melrose, Florida 

LANCEFIELD, Dr. D. E., Queens College, Flushing, New York 

LANCEFIELD, Dr. Respecca C., Rockefeller Institute, 66th Street and York Avenue, 
New York 21, New York 

Lanpis, Dr. E. M., Harvard Medical School, Boston 15, Massachusetts 

LANSING, Dr. ALzert I., Department of Anatomy, University of Pittsburgh Medical 
School, Pittsburgh 13, Pennsylvania 

LAUFFER, Dr. Max A., Department of Biophysics, University of Pittsburgh, Pitts- 
burgh, Pennsylvania 

Lavin, Dr. Georce I., 3714 Springdale Avenue, Baltimore, Maryland 

Lazarow, Dr. ARNOLD, Department of Anatomy, University of Minnesota Medical 
School, Minneapolis 14, Minnesota 

LEDERBERG, Dr. JosHuA, Department of Genetics, University of Wisconsin, 
Madison 6, Wisconsin 

Lee, Dr. Ricuarp E., Cornell University College of Medicine, New York City, 
New York 

LeFevre, Dr. Paut G., Brookhaven Apartments, Upton, Long Island, New York 

LEHMANN, Dr. Fritz, Zoologische Institut, University of Berne, Berne, Switzerland 

Lesster, Dr. Mitton A., Department of Physiology, Ohio State University, 
Columbus, Ohio 

Levine, Dr. RAcHMIEL, Michael Rees Hospital, Chicago, 16, Illinois 
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Levy, Dr. Mitton, Biochemistry Department, New York University School of 
Dentistry, New York 10, New York 
Lewin, Dr. RAcpu A., Marine Biological Laboratory, Woods Hole, Massachusetts 
Lewis, Dr. Ivey F., 1110 Rugby Road, Charlottesville, Virginia 
Linc, Dr. GiLsert, 307 Berkely Road, Merion, Pennsylvania 
LittLe, Dr. E. P., 216 High Street, West Newton, Massachusetts 
Lioyp, Dr. Davin P. C., Rockefeller Institute, 66th Street and York Avenue, New 
York 21, New York 
LocHHEAaD, Dr. Joun H., Department of Zoology, University of Vermont, Burling- 
ton, Vermont 
Logs, Dr. Leo, 40 Crestwood Drive, St. Louis 5, Missouri 
Lors, Dr. R. F., Presbyterian Hospital, 620 West 168th Street, New York 32, 
New York 
Loewt, Dr. Orro, 155 East 93rd Street, New York City, New York 
Loranb, Dr. Lasz_o, Department of Chemistry, Northwestern University, Evans- 
ton, [Illinois 
Love, Dr. Lois H., 4233 Regent Street, Philadelphia 4, Pennsylvania 
Love, Dr. WARNER E., 1043 Marlau Drive, Baltimore 12, Maryland 
Lupin, Dr. Martin, Department of Pharmacology, Harvard Medical School, 
Boston 15, Massachusetts 
Lyncn, Dr. Ciara J., Rockefeller Institute, 66th Street and York Avenue, New 
York 21, New York 
Lyncu, Dr. RutH Stocxinc, Department of Botany, University of California, Los 
Angeles 24, California 
Lyncu, Dr. WiLtiaAM, Department of Biology, St. Ambrose College, Davenport, 
Iowa 
Lynn, Dr. W. Garpner, Department of Biology, Catholic University of America, 
Washington, D. C. 
McCovucn, Dr. MArcaret SuMWALT, University of Pennsylvania Medical School, 
Philadelphia, Pennsylvania 
McDonacp, Sister EvizaseTH Seton, Department of Biology, College of Mt. 
St. Joseph, Mt. St. Joseph, Ohio 
McDonacp, Dr. Marcaret H., Carnegie Institution of Washington, Cold Spring 
Harbor, Long Island, New York 
McExroy, Dr. WittraM D., Department of Biology, Johns Hopkins University, 
Baltimore, Maryland 
Maas, Dr. WeRNER K., New York University College of Medicine, New York 
City, New York 
MacDoveatt, Dr. Mary Stuart, Mt. Vernon Apartments, 423 Clairmont Avenue, 
Decatur, Georgia 
Macruper, Dr. SAMUEL R., Department of Anatomy, Tufts Medical School, 136 
Harrison Avenue, Boston, Massachusetts 
MANWELL, Dr. REGINALD D., Syracuse University, Syracuse, New York 
MarsuHak, Dr. ALFrep, Department of Biology, University of Notre Dame, Notre 
Dame, Indiana 
MARSLAND, Dr. Douctas A., New York University, Washington Square College, 
New York 3, New York 
Martin, Dr. Eart A., Department of Biology, Brooklyn College, Brooklyn 10, 
New York 
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Martuews, Dr. SAMUEL A., Thompson Biological Laboratory, Williams College, 
Williamstown, Massachusetts 

Mavor, Dr. JAMes W., 8 Gracewood Park, Cambridge 58, Massachusetts 

Maza, Dr. DANIEL, Department of Zoology, University of California, Berkeley 4, 
California 

Meves, Dr. Grace, Lankenau Research Institute, Philadelphia, Pennsylvania 

Meinxkotnu, Dr. Norman A., Department of Biology, Swarthmore College, Swarth- 
more, Pennsylvania 

MENKIN, Dr. VALy, Agnes Barr Chase Foundation for Cancer Research, Temple 
University Medical School, Philadelphia, Pennsylvania 

Merz, Dr. C. B., Oceanographic Institute, Florida State University, Tallahassee, 
Florida 

Merz, Dr. CHarLtes W., Department of Zoology, University of Pennsylvania, 
Philadelphia 4, Pennsylvania 

MippLesrooK, Dr. Rosert, Institute for Muscle Research, Marine Biological 
Laboratory, Woods Hole, Massachusetts 

Mitter, Dr. J. A., Jx., Department of Anatomy, Emory University, Atlanta 22, 
Georgia 

Mitne, Dr. Lorus J., Department of Zoology, University of New Hampshire, 
Durham, New Hampshire 

Mor, Mr. Henry A., Guggenheim Memorial Foundation, 551 Fifth Avenue, New 
York 17, New York 

Monroy, Dr. ALBERTO, Institute of Comparative Anatomy, University of Palermo, 
Italy 

Moore, Dr. Georce M., Department of Zoology, University of New Hampshire, 
Durham, New Hampshire 

Moore, Dr. Joun A., Department of Zoology, Columbia University, New York 27, 
New York 

Moore, Dr. JoHN W., Laboratory of Biophysics, NINDB, National Institutes of 
Health, Bethesda 14, Maryland 

Mout, Dr. E. T., Department of Botany, Rutgers University, New Brunswick, 
New Jersey 

MountaIn, Mrs. J. D., 8 Coolidge Avenue, White Plains, New York 

Mutter, Dr. H. J., Department of Zoology, Indiana University, Bloomington, 
Indiana 

Mutuins, Dr. Lorin J., Biophysical Laboratory, Purdue University, Lafayette, 
Indiana 

Musaccuia, Dr. Xavier J., Department of Biology, St. Louis University, St. 
Louis 4, Missouri 

Nasrit, Dr. S. M., President, Texas Southern University, 3201 Wheeler Avenue, 
Houston 4, Texas 

Nace, Dr. Paut Fotey, Department of Biology, Hamilton College, McMaster 
University, Hamilton, Ontario, Canada 

NAcHMANSOHN, Dr. Davin, Columbia University, College of Physicians and Sur- 
geons, New York City, New York 

NAVEZ, Dr. ALzert E., 206 Churchill’s Lane, Milton 86, Massachusetts 

a e LEONARD, Department of Anatomy, University of Chicago, Chicago, 

inois 
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NeuraTH, Dr. H., Department of Biochemistry, University of Washington, Seattle 
5, Washington 

Nicott, Dr. Paut A., Indiana Contract, Box K, A.P.O. 474, San Francisco, 
California 

Niu, Dr. MAN-CHIAnG, Rockefeller Institute for Medical Research, 66th Street 
and York Avenue, New York 21, New York 

Ocnoa, Dr. Severo, New York University College of Medicine, New York 16, 
New York 

Opum, Dr. Eucene, Department of Zoology, University of Georgia, Athens, 
Georgia 

OPPENHEIMER, Dr, JANE M., Department of Biology, Bryn Mawr College, Bryn 
Mawr, Pennsylvania 

Oster, Dr. Ropert H., University of Maryland School of Medicine, Baltimore 1, 
Maryland 

OstTerRHOUT, Mrs. Marion Irwin, Rockefeller Institute, 66th Street and York 
Avenue, New York 21, New York 

OstTeRHOUT, Dr. W. J. V., Rockefeller Institute, 66th Street and York Avenue, 
New York 21, New York 

PACKARD, Dr. CHARLES, Woods Hole, Massachusetts 

Pace, Dr. IrviNE H., Cleveland Clinic, Cleveland, Ohio 

PARMENTER, Dr. CuHartes L., Department of Zoology, University of Pennsylvania, 
Philadelphia 4, Pennsylvania 

ParPART, Dr. ARTHUR K., Department of Biology, Princeton University, Princeton, 
New Jersey 

Passano, Dr. Leonarp M., Osborn Zoological Laboratories, Yale University, New 
Haven, Connecticut 

PaTreNn, Dr. BrapLey M., University of Michigan School of Medicine, Ann Arbor, 
Michigan 

PERKINS, Dr. JouHn F., JR, 
Chicago 37, Illinois 

Person, Dr. Puixip, Chief, Special Dental Research Program, Veterans Adminis- 
tration Hospital, Brooklyn 9, New York 

Petripone, Dr. Marian H., Department of Zoology, University of New Hamp- 
shire, Durham, New Hampshire 

Puitpott, Mr. Devsert E., 496 Palmer Avenue, Falmouth, Massachusetts 

Pick, Dr. JosepuH, Department of Anatomy, New York University, Bellevue 
Medical Center, New York City, New York 

Prerce, Dr. MADELENE E., Vassar College, Poughkeepsie, New York 

Proucu, Dr. Harotp H., Department of Biology, Amherst College, Amherst, 


Department of Physiology, University of Chicago, 


Massachusetts 

Pottister, Dr. A. W., Department of Zoology, Columbia University, New York 
27, New York 

Ponp, Dr. SAMUEL E., 53 Alexander Street, Manchester, Connecticut 

Pratt, Dr. FrepericK H., 105 Hundreds Road, Wellesley Hills 82, Massachusetts 

Proctor, Dr. NATHANIEL, Department of Biology, Morgan State College, Balti- 
more 12, Maryland 

Prosser, Dr. C. Lapp, 401 Natural History Building, University of Illinois, Urbana, 


Illinois 
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ProvasoLi, Dr. Luic1, Haskins Laboratories, 305 E. 43rd Street, New York 17, 
New York 

Ramsey, Dr. Rosert W., Medical College of Virginia, Richmond, Virginia 

Ranb, Dr. Hersert W., 7 Siders Pond Road, Falmouth, Massachusetts 

Rankin, Dr. JouHN S., Department of Zoology, University of Connecticut, Storrs, 
Connecticut 

RATNER, Dr. SARAH, Public Health Research Institute of the City of New York, 
Foot East 15th Street, New York 9, New York 

Ray, Dr. Cares, Jr., Department of Biology, Emory University, Atlanta 22, 
Georgia 

Reap, Dr. CLARK P., Johns Hopkins University, Baltimore, Maryland 

Resuun, Dr. Lionet I., Department of Biology, Box 704, Princeton University, 
Princeton, New Jersey 

RECHNAGEL, Dr. R. O., Department of Physiology, Western Reserve University, 
Cleveland, Ohio 

REDFIELD, Dr. ALFRED C., Woods Hole, Massachusetts 

Reiner, Dr. J. M., V. A. Hospital, Albany, New York 

Renn, Dr. Cuarces E., 509 Ames Hall, Johns Hopkins University, Baltimore 18, 
Maryland 

ReznikorF, Dr. Paut, Cornell University Medical College, 1300 York Avenue, 
New York City, New York 

Rice, Dr. E. L., 2241 Seneca Avenue, Alliance, Ohio 

Ricuarps, Dr. A., 2950E Mabel Street, Tucson, Arizona 

RicHarps, Dr. A. GLENN, Entomology Department, University of Minnesota, St. 
Paul 1, Minnesota 

Ricwarps, Dr. Oscar W., American Optical Company, Research Center, South- 
bridge, Massachusetts 

Rocxstern, Dr. Morris, Department of Physiology, New York University College 
of Medicine, New York 16, New York 

Rocick, Dr. Mary D., College of New Rochelle, New Rochelle, New York 

Romer, Dr. Atrrep S., Harvard University, Museum of Comparative Zoology, 
Cambridge, Massachusetts 

Ronkin, Dr. RAPHAEL R., Department of Physiology, University of Delaware, 
Newark, Delaware 

Root, Dr. R. W., Department of Biology, College of the City of New York, New 
York City, New York 

Root, Dr. W. S., Columbia University, College of Physicians and Surgeons, De- 
partment of Physiology, New York City, New York 

Rose, Dr. S. Mery, Department of Zoology, University of Illinois, Champaign, 
Illinois 

RosENBERG, Dr. Evetyn K., Department of Pathology, New York University, 
Bellevue Medical Center, New York 16, New York 

RosentHat, Dr. THEopore B., Department of Anatomy, University of Pittsburgh 
Medical School, Pittsburgh 13, Pennsylvania 

Rosst, Dr. Harotp H.., Department of Radiology, Columbia University, 630 West 
168th Street, New York 32, New York 

Ror, Dr. Jay S., Department of Biochemistry, Hahnemann Medical College, 
Philadelphia 2, Pennsylvania ; 
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ROTHENBERG, Dr. M. A., Scientific Director, Dugway Proving Ground, Dugway, 
Utah : 
RuGuH, Dr. Roserts, Radiological Research Laboratory, College of Physicians and 
Surgeons, 630 West 168th Street, New York 32, New York 
RuNNstTROM, Dr. Joun, Wenner-Grens Institute, Stockholm, Sweden 
RutTMAN, Dr. Rosert J., Department of Zoology, University of Pennsylvania, 
Philadelphia 4, Pennsylvania 
RyTHER, Dr. JoHN H., Woods Hole Oceanographic Institution, Woods Hole, 
Massachusetts 
SANDEEN, Dr. Muriev I., Department of Zoology, Duke University, Durham, 
North Carolina 
SAUNDERS, Mr. Lawrence, R. D. 7, Bryn Mawr, Pennsylvania 
SCHACHMAN, Dr. Howarp K., Department of Biochemistry, University of Cali- 
fornia, Berkeley 4, California 
SCHARRER, Dr. Ernst A., Albert Einstein College of Medicine, 1710 Newport 
Avenue, New York 61, New York 
‘HECHTER, Dr. Victor, College of the City of New York, New York City, New 
York 
‘HLESINGER, Dr. R. WALTER, Department of Microbiology, St. Louis University 
School of Medicine, 1402 South Grand Boulevard, St. Louis 4, Missouri 
‘HMIDT, Dr. L. H., Christ Hospital, Cincinnati, Ohio 
‘“HMiITT, Dr. Francis O., Department of Biology, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 
ScuMitt, Dr. O. H., Department of Physics, University of Minnesota, Minneapolis 
14, Minnesota 
SCHNEIDERMAN, Dr. Howarp A., Department of Zoology, Cornell University, 
Ithaca, New York 
ScHOLANDER, Dr. P. F., Scripps Institute of Oceanography, La Jolla, California 
‘HoTTE, Dr. Oscar E., Department of Biology, Amherst College, Ambherst, 
Massachusetts 
‘HRADER, Dr. Franz, Department of Zoology, Columbia University, New York 
27, New York 
‘HRADER, Dr. SALty HuGues, Department of Zoology, Columbia University, 
New York 27, New York 
‘HRAMM, Dr. J. R., Department of Botany, Indiana University, Bloomington, 
Indiana 
Scott, Dr. ALLAN C., Colby College, Waterville, Maine 
Scott, Dr. D. B. McNarr, Botany Annex, Cancer Chemotherapy Laboratory, 
University of Pennsylvania, Philadelphia, Pennsylvania 
Scott, Sister FLorence Marie, Seton Hill College, Greensburg, Pennsylvania 
Scott, Dr. Georce T., Department of Zoology, Oberlin College, Oberlin, Ohio 
Sears, Dr. Mary, Woods Hole Oceanographic Institution, Woods Hole, Massachu- 
setts 
SenFt, Dr. ALFRED W., Woods Hole, Massachusetts 
SEVERINGHAUS, Dr. Aura E., Department of Anatomy, College of Physicians and 
Surgeons, New York City, New York 
Suanes, Dr. ABRAHAM M., Experimental Biology and Medicine Institute, National 
Institutes of Health, Bethesda 14, Maryland 
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SHaprro, Dr. HERBERT, 5800 North Camac Street, Philadelphia 41, Pennsylvania 

SHaverR, Dr. JOHN R., Department of Zoology, Michigan State University, East 
Lansing, Michigan 

SHEDLOVSKY, Dr. THEODORE, Rockefeller Institute, 66th Street and York Avenue, 
New York 21, New York 

SicueL, Dr. FerpInNanp J. M., University of Vermont, Burlington, Vermont 

SicHeL, Mrs. F. J. M., 35 Henderson Terrace, Burlington, Vermont 

Sitva, Dr. Paut, Department of Botany, University of Illinois, Urbana, Illinois 

SuiFER, Dr. ELEANOR H., Department of Zoology, State University of Iowa, Iowa 
City, lowa 

SmiTtH, Dr. Dietricn C., Department of Physiology, University of Maryland 
School of Medicine, Baltimore, Maryland 

SmitH, Mr. Homer P., General Manager, Marine Biological Laboratory, Woods 
Hole, Massachusetts 

SmitH, Mr. Paut Ferris, Marine Biological Laboratory, Woods Hole, Massachu- 
setts 

SmiTH, Dr. RALPH I., Department of Zoology, University of California, Berkeley 
4, California 

SONNEBORN, Dr. T. M., Department of Zoology, Indiana University, Bloomington, 
Indiana 

SONNENBLICK, Dr. B. P., Rutgers University, 40 Rector Street, Newark 2, New 
Jersey 

SPEIDEL, Dr. Cart C., Department of Anatomy, University of Virginia, University, 
Virginia 

SPIEGEL, Dr. MELvin, Department of Biology, Colby College, Waterville, Maine 

Spratt, Dr. Netson T., JR., Department of Zoology, University of Minnesota, 
Minneapolis 14, Minnesota 

Spyropoutos, Dr. C. S., Department of Neurophysiology, National Institutes of 
Health, Bethesda 14, Maryland 

Starr, Dr. RicHarp C., Department of Botany, Indiana University, Bloomington, 
Indiana 

STEINBACH, Dr. H. Burr, Department of Zoology, University of Chicago, Chicago 
15, Illinois 

STEINBERG, Dr. Matcotm S., Department of Biology, Johns Hopkins University, 
Baltimore 18, Maryland 

STEPHENS, Dr. Grover C., Department of Zoology, University of Minnesota, 
Minneapolis 14, Minnesota 

STEWART, Dr. Dorotuy, Rockford College, Rockford, Illinois 

Stoxey, Dr. Atma G., Department of Botany, Mount Holyoke College, South 
Hadley, Massachusetts 

STONE, Dr. Witt1am, Ophthalmic Plastics Laboratory, Massachusetts Eye and 
Ear Infirmary, Boston, Massachusetts 

Straus, Dr. W. L., Jr., Department of Anatomy, Johns Hopkins University 
Medical School, Baltimore 5, Maryland 

STUNKARD, Dr. Horace W., American Museum of Natural History, New York 
24, New York 

STURTEVANT, Dr. ALFRED H., California Institute of Technology, Pasadena 4, 
California 
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SuLKIN, Dr. S. Epwarp, Department of Bacteriology, University of Texas, South- 
western Medical School, Dallas, Texas 

Swope, Mr. Gerarp, Jr., 570 Lexington Avenue, New York 22, New York 

Szent-GyOrcGy1, Dr. ALBERT, Marine Biological Laboratory, Woods Hole, Massa- 


chusetts 
Szent-GyOrcy1, Dr. ANpREW G., Marine Biological Laboratory, Woods Hole, 


Massachusetts 

Tasaki, Dr. Icuij1, Laboratory of Neurophysiology, National Institute of 
Neurological Diseases and Blindness, Bethesda 14, Maryland 

Tasuiro, Dr. Sutro, University of Cincinnati, Medical College, Cincinnati, Ohio 

Taytor, Dr. Rosert E., Laboratory of Neurophysiology, National Institute of 
Neurological Diseases and Blindness, Bethesda 14, Maryland 

Taytor, Dr. Wm. RANpDoLPH, Department of Botany, University of Michigan, 
Ann Arbor, Michigan 

TeWinkeL, Dr. Lois E., Department of Zoology, Smith College, Northampton, 
Massachusetts 

Tosras, Dr. JULIAN, Department of Physiology, University of Chicago, Chicago, 
[Illinois 

Tracy, Dr. Henry C., General Delivery, Oxford, Mississippi 

TRAGER, Dr. WILLIAM, Rockefeller Institute, 66th Street and York Avenue, New 
York 21, New York 

Trinkaus, Dr. J. Puitip, Osborn Zoological Laboratories, Yale University, New 
Haven, Connecticut 

Trott, Dr. WALTER, Department of Industrial Medicine, New York University 
College of Medicine, New York City, New York 

TWEEDELL, Dr. Kenyon S., Department of Biology, University of Notre Dame, 
Notre Dame, Indiana 

Tyter, Dr. Avert, Division of Biology, California Institute of Technology, 
Pasadena 4, California 

Uxsvenuvuth, Dr. Epwarp, University of Maryland School of Medicine, Baltimore, 
Maryland 

Uretz, Dr. Rosert B., Department of Biophysics, University of Chicago, Chicago, 
Illinois 

DEVILLAFRANCA, Dr. Georce M., Department of Zoology, Smith College, North- 
ampton, Massachusetts 

Vittee, Dr. CLaupe A., Department of Biological Chemistry, Harvard Medical 
School, Boston 15, Massachusetts 

Vincent, Dr. Water S., Department of Anatomy, State University of New 
York School of Medicine, Syracuse 10, New York 

Warnio, Dr. W. W., Bureau of Biological Reserch, Rutgers University, New 
Brunswick, New Jersey 

Wa tp, Dr. Georce, Biological Laboratories, Harvard University, Cambridge 38, 
Massachusetts 

Warner, Dr. Rosert C., Department of Chemistry, New York University, College 
of Medicine, New York 16, New York 

WATERMAN, Dr. T. H., Osborn Zoological Laboratories, Yale University, New 
Haven, Connecticut 

Wess, Dr. MarGuerite, Department of Physiology and Bacteriology, Goucher 

College, Towson, Baltimore 4, Maryland 
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Weiss, Dr. Paut A., Laboratory of Developmental Biology, Rockefeller Institute, 
66th Street and York Avenue, New York 21, New York 

WenricH, Dr. D. H., University of Pennsylvania, Philadelphia 4, Pennsylvania 

Wuepon, Dr. A. D., 21 Lawncrest, Danbury, Connecticut 

WuitAKER, Dr. Douctas M., Rockefeller Institute for Medical Research, 66th 
Street and York Avenue, New York 21, New York 

Wuite, Dr. E. Grace, Wilson College, Chambersburg, Pennsylvania 

Wuitinec, Dr. ANNA R., University of Pennsylvania, Philadelphia 4, Pennsylvania 

Wuitinc, Dr. PHingas W., Zoological Laboratory, University of Pennsylvania, 
Philadelphia 4, Pennsylvania 

WICHTERMAN, Dr. Ravpu, Biology Department, Temple University, Philadelphia, 
Pennsylvania 

WickersHAM, Mr. JAmes H., 530 Fifth Avenue, New York 36, New York 

Wieman, Dr. H. L., Box 485, Falmouth, Massachusetts 

WiercinsKkI, Dr. Fioyp J., Department of Biological Sciences, Drexel Institute of 
Technology, 32nd and Chestnut Streets, Philadelphia 4, Pennsylvania 

Wivser, Dr. C. G., Medical Laboratories, Applied Physiology Branch, Army 
Chemical Center, Maryland 

Wittier, Dr. B. H., Department of Biology, Johns Hopkins University, Baltimore 
18, Maryland 

Witson, Dr. J. WALTER, Department of Biology, Brown University, Providence 
12, Rhode Island 

Witson, Dr. WALTER L., Department of Physiology, University of Vermont 
College of Medicine, Burlington, Vermont 

Witscui, Dr. Emir, Department of Zoology, State University of Iowa, Iowa City, 
lowa 

WITTENBERG, Dr. JONATHAN B., Department of Physiology and Biochemistry, 
Albert Einstein College of Medicine, New York 61, New York 

Wotr, Dr. Ernst, Pendleton Hall, Wellesley College, Wellesley, Massachusetts 

Woopwarp, Dr. ArtHuR A., Army Chemical Center, Maryland (Applied Physi- 
ology Branch, Army Chemical Corps, Medical Laboratory ) 

Wricut, Dr. Paut A., Department of Zoology, University of New Hampshire, 
Durham, New Hampshire 

Wrincu, Dr. Dororny, Department of Physics, Smith College, Northampton, 
Massachusetts 

Yntema, Dr. C. L., Department of Anatomy, State University of New York 
College of Medicine, Syracuse 10, New York 

Younc, Dr. D. B., Main Street, North Hanover, Massachusetts 

ZinN, Dr. Donatp J., Department of Zoology, University of Rhode Island, Kings- 
ton, Rhode Island 

ZiRKLE, Dr. RaymMonp E., Department of Radiobiology, University of Chicago, 
Chicago 37, Illinois 

Zorzott, Dr. Anita, Department of Physiology, Vassar College, Poughkeepsie, 
New York 

Zweiracu, Dr. BENJAMIN, New York University-Bellevue Medical Center, New 
York City, New York 

Zwittinc, Dr. Epcar, Department of Genetics, University of Connecticut, Storrs. 
Connecticut 
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Avpricu, Miss AMy 

Aton, Dr. AND Mrs. BENJAMIN H. 
ARMSTRONG, Dr. AND Mrs. P. B. 
Bacon, Mrs. ROBERT 

BAITSELL, Mrs. GEORGE 

BALL, Mrs. Eric 

Barzsour, Mr. Lucius H. 

Bartow, Mr. AND Mrs. CLARENCE 


Bartow, Mrs. Francis D. 
Bartow, Mr. AnD Mrs. Puitir K. 


BELL, Mrs. ArtHuR W. 

BRADLEY, Mr. AND Mrs. ALBERT L. 
BrapLey, Mr. AND Mrs. CHARLES 
Brown, Mrs. THORNTON 

Burpick, Dr. C. LALor 
BURLINGAME, Mrs. F. A. 

“AHOON, Mrs. SAMUEL, Sr. 
CALKINS, Mrs. Gary N. 
CaLkins, Mrs. G. NATHAN, JR. 
CALKINS, Mr. AND Mrs. SAMUEL W. 
CARLTON, Mr. AND Mrs. WINSLOW 
CLAFF, Dr. AND Mrs. C. Lioyp 
( 
( 
( 
( 
( 


-~ 


‘LARK, Dr. AND Mrs. ALFRED HULL 
"LARK, Mrs. LeRoy 

“LARK, Mr. AND Mrs. W. Van ALAN 
"LOWES, Mr. ALLEN W. 

“LOWES, Mrs. G. H. A. 

CLowes, Dr. AnD Mrs. G. H. A., Jr. 
Cotton, Mr. AND Mrs. H. SEYMouR 
CRANE, Mr. AND Mrs. Bruce 

CRANE, Mr. JOHN 

CRANE, Miss Lou!Ise 

CRANE, Mrs. Murray 

CRANE, Mr. STEPHEN 

CRANE, Mrs. W. CAREY 

Cowpry, Dr. AND Mrs. E. V. 


CrossLey, Mr. AND Mrs. ARCHIBALD M. 


CROWELL, Mr. AND Mrs. PRINCE S. 
Curtis, Dr. AND Mrs. W. D. 
DANIELS, Mr. AND Mrs. F. Harotp 
Day, Mr. AND Mrs. PoMEROY 
Draper, Mrs. Mary C. 

Dreyer, Mr. AND Mrs. FRANK A. 
EtsmitTH, Mrs. Dorotuy 

ENperS, Mr. AND Mrs. FREDERICK 
Ewinc, Mr. AND Mrs. FREDERIC 
Fay, Mr. anp Mrs. Henry H. 
FisHer, Mr. AND Mrs. B. C. 


MARINE BIOLOGICAL LABORATORY 


ASSOCIATE MEMBERS 











Francis, Mrs. Lewis H., Jr. 
Frost, Mrs. FRANK J. 

GALTSOFF, Mrs. PAut S. 

GIFFORD, Mr. AND Mrs. JoHN A. 
GILcHRIst, Mr. AND Mrs. Joun M. 
GILDEA, Dr. AND Mrs. E. F. 
GREEN, Miss Giapys M. 

Hatc, Mrs. R. H. 

HAMLEN, Mr. AND Mrs. J. Monroe 
HARRELL, Mr. AND Mrs. Joet E. 
HARRINGTON, Mr. AND Mrs. Ropert 
HERRINGTON, Mrs. A. W. S. 
Hervey, Dr. AND Mrs. JoHN P. 
H1rRscHFELD, Mrs. NATHAN B. 
Houston, Mr. AND Mrs. Howarp 
Jewett, Mrs. G. F. 

KEITH, Mr. AND Mrs. Harorp C. 
Kinc, Mr. anp Mrs. FRANKLIN 
Ko.tier, Mr. anv Mrs. Lewis 
LEMANN, Mrs. BENJAMIN 

Lops, Mrs. JoHN 

Loes, Dr. AND Mrs. Rosert F. 
McCusker, Mr. AND Mrs. Patt J. 
McKetvy, Mr. Joun E. 
MARSLAND, Mrs. Douctas A. 
Marvin, Mrs. WALTER T. 

Mast, Mrs. S. O. 

Mercs, Dr. AND Mrs. J. WISTER 
MitcHett, Mrs. JAmMes McC. 
MrxTer, Mrs. W. JASON 

Mosser, Mrs. BENJAMIN D. 
Mottey, Mrs. THOMAS 

Newton, Miss HELEN 

Nicuots, Mrs. GEORGE 

NiIcHotson, Rev. Rospert W. 

Nims, Mrs. E. D. 

NorMAN Funp, Inc., Aaron E. 
PACKARD, Dr. AND Mrs. CHARLES 
ParK, Mr. AND Mrs. M. S. 
PENNINGTON, Miss ANNE H. 
REDFIELD, Dr. AND Mrs. ALFRED C. 
REZNIKOFF, Dr. AND Mrs. PAUL 
Riccs, Mr. AND Mrs. LAwWRASON 
Rivinus, Mrs. F. M., Jr. 

Root, Mrs. WALTER S. 
RozENDAAL, Dr. H. M. 

Rupp, Mr. anp Mrs. H. W. DwicutT 
Sanps, Miss ADELAIDE G. 
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SAUNDERS, Mr. AND Mrs. LAWRENCE Swope, Mr. AnD Mrs. GERARD, JR. 
SHIVERICK, Mrs. ARTHUR Swope, Miss HENRIETTA 
SrncLcarr, Mr. AND Mrs. W. RicuHarp- TomPpxKIns, Mr. AND Mrs. B. A. 

SON WesstTER, Mrs. Epwin S. 
SpeEIpEL, Dr. AND Mrs. CARL WuHitELey, Miss Mase. W. 
STrocKARD, Mrs. CHARLES R. WICKERSHAM, Mr. AND Mrs. JAmes H. 
Stone, Mr. AND Mrs. LEo WILHELM, Dr. AND Mrs. HILMER J. 
Stone, Mr. AND Mrs. S. M. WILLIston, Miss EmILy 
Srraus, Dr. AND Mrs. DonaLp B. Witson, Mrs. EpmMunp B. 
Swirt, Mr. E. Kent WoLFINSOHN, Mrs. WOLFE 


V. REPORT OF THE LIBRARIAN 


In 1958, fifty-eight new journals were acquired, bringing the total number of 
currently received titles to 1654. Of these, there were 494 (11 new) Marine 
siological Laboratory subscriptions, 621 (18 new) exchanges and 188 (9 new) 
gifts; 95 (5 new) were Woods Hole Oceanographic Institution subscriptions; 195 
(4 new) were exchanges and 61 (11 new) were gifts. 

The Laboratory purchased 145 books, received 84 complimentary copies (5 
from authors and 79 from publishers) and accepted 38 miscellaneous gifts. The 
Institution purchased 75 titles and received 12 gifts. The total number of books 
accessioned totalled 354. Many books in the physical sciences were purchased, 
thus filling a demand that has been apparent for many years. 

Through purchase, exchange and gift the Laboratory completed 8 journal sets 
and partially completed 32. The Institution completed 3 sets and partially com- 
pleted 5. There were 3873 reprints added to the collection of which 1722 were 
of current issue. 

At the close of the year, the Library contained 74,590 bound volumes and 
209,998 reprints. 

The Library sent out on inter-library loan 332 volumes and borrowed 112, a 
decided increase over 1957. Several copying machines were tried out, none of 
which met the necessary requirements. About 970 volumes and 198 pamphlets 
were bound. 

A large reprint collection was presented by Dr. J. Percy Moore of which about 
1000 papers were added to the shelves. A large percentage of the duplicate ma- 
terial was presented to the U. S. Fish and Wildlife Service Library and to the 
Library of the Narragansett Laboratory. Many zoological papers were stored for 
future replacement copies of articles used in the Invertebrate Course. Through 
Dr. Arnold Lazarow a collection was received from the University of Minnesota 
containing hundreds of papers published during the 19th century. 

Smaller pamphlet collections were received from the Dept. of Biological Chem- 
istry, Harvard Medical School; Dr. Benj. P. Sonnenblick, and the estate of the late 
Dr. Chas. R. Stockard. Mrs. A. R. Memhard presented fourteen books belonging 
to her late husband. Two books were received from Dr. Alfred G. Marshak; four 
trom Dr. Henry Stommel; two from Dr. Albert Szent-Gydérgyi; several early 
Reports of the Division of Fish and Game, State of Massachusetts, from Dr. David 
Belding; and early numbers of the “Biological Bulletin” were returned to stock 
by Dr. Carl Gans and by Dr. P. W. Whiting. 
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The Library extends grateful acknowledgement to all of its friends who have 
so generously made the donations mentioned above. 

During the year, some of the visiting scientists from foreign countries selected 
duplicate material which was shipped to the following institutions: Caribbean 
Marine Biological Institute, Curacao; Faculty of Fisheries, Hokkaido University, 
Japan ; Chulalongkorn University, Bangkok; and the New Zealand Oceanographic 
Institution, Wellington. 

The willing assistance given by the members of the Library Committée and 
the Book Committee has made the year a progressive one. 


Respectfully submitted, 
DesoranH L. Hartow, 


Librarian 


VI. REPORT OF THE TREASURER 


The market value of both the General Endowment Fund and the fund for the 
Library at December 31, 1958, amounted to $1,719,105 as compared with the total 
of $1,461,278 as of December 31, 1957. The average yield on the Securities was 
3.48% of market value and 5.90% of book value. The total uninvested principal 
cash in the above accounts as of December 31, 1958, was $2,840. Classification 
of the Securities held in the Endowment Funds appears in the auditor’s report. 


The market value of the pooled securities as of December 31, 1958, was 
$297,441 with uninvested principal cash of $469; the value at December 31, 1957, 
being $247,629. The book value of the securities in this account was $243,958 on 
December 31, 1958, compared with $236,735 a year earlier. The average yield 
on market value was 3.64% and 4.44% of book value. 

The proportionate interest in the Pool Fund Account of the various Funds as 
of December 31, 1958, is as follows: 


19.495 % 


Other : 


3i0 Club Scholarship Fund 

Rev. Arsenious Boyer Scholarship Fund 

Gary N. Calkins Fund 

Allen R. Memhard Fund 

F. R. Lillie Memorial Fund 6.366 
Lucretia Crocker Fund 6.892 
E. G. Conklin Fund 

M. H. Jacobs Scholarship Fund 

Jewett Memorial Fund 

Anonymous Gift 


The Jewett Memorial Fund and the Anonymous Gift Fund are included in the 
Pool Fund Account; however, it has not been determined how these funds are to 


be used. 
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The special Custodian account which was used to activate available funds of 
a temporary nature last year yielded income of $5,957, plus $1,487 interest from 
Savings Bank deposits of a similar nature. This income is being reserved for 
capital improvements. 

The Securities pledged to cover the M.B.L. Club Loan matured in May, 1958. 
These Securities were converted into cash on deposit in a savings account with 
the Falmouth National Bank in the amount of $3,046. The amount of the Loan 
is approximately $2,000. 

Donations from the M.B.L. Associates for 1958 were $3,150 as compared with 
$3,481 for 1957. Unrestricted gifts from foundations, societies and companies 
amounted to $38,579. 

We are administering 21 grants for investigators in addition to those directly 
to the M.B.L. The amounts of the grants vary in accordance with the investi- 
gator’s project of research. An amount of 15% based on the amount expended is 
allowed the Laboratory as overhead. 

Major new construction grants awarded during 1958 are as follows: 


New Laboratory Building: 


Rockefeller Institute 738,500 
National Institutes of Health 369,250 
National Science Foundation 369,250 


$1,477,000 
Devil’s Lane Housing: 


National Science Foundation 
Grass Foundation 


$ 185,000 


Lybrand, Ross Bros. & Montgomery have examined our books and submitted 
financial statements for examination. 

Following is a statement of the auditors: 
To the Trustees of the Marine Biological Laboratory, Woods Hole, Massachusetts: 

We have examined the balance sheets of Marine Biological Laboratory as at 
December 31, 1958 and 1957, the related statements of operation expenditures and 
income for the years then ended, and statement of current fund for the year ended 
December 31, 1958. Our examination was made in accordance with generally 
accepted auditing standards, and accordingly included such tests of the accounting 
records and such other auditing procedures as we consider necessary in the 
circumstances. 

In our opinion, the accompanying financial statements present fairly the assets, 
liabilities and funds of Marine Biological Laboratory at December 31, 1958 and 
1957, and the expenditures and income for the years then ended. 


LYBRAND, Ross Bros. & MONTGOMERY 
Boston, Massachusetts 
June 3, 1959 
James H. WIcKERSHAM, 
Treasurer 
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MARINE BIOLOGICAL LABORATORY 


BALANCE SHEETS 








December 31, 1958 







Investments 


Investments held by Trustee : 






Securities, at cost (approximate market quotation 1958—$1,719,105; 1957— 
TN nh cg git rhe ae astiahs aa ch ers Sab cena rahe ¥en a aiaodind $1,014,460 
aa ion ot ea 2,840 







1,017,300 













Investments of other endowment and unrestricted funds: 
Pooled investments, at cost (approximate market quotation 1958—$297,441; 1957 
aN, iitaca alas Sic as Ba ania in ce ORS kGhags wan SWAd wR LER dcbd etstincn 243,958 

Less temporary investment of current fund cash ........... piles seins 5,728 













238,230 








Other tavestememts ........ccccccccce: ica aia gcglarah eas @ so eg ee j 69,756 
EE i onikticwoneraeurnes path nied ahapnieiag alae ola tae “a 13,401 
Accounts receivable ............ Siisicitirss scl Mea een emia Gi 2 Bait Se dee 2,435 








323,822 







Plant Assets 






Land, buildings, library and equipment (note B) ...................... Sides 2,970,655 
Lees allowance for Geovectation (mote B) o.oo... ccc ccccccccccscccsscccccccees 1,063,577 





1,907,078 
156,301 










U. S. Government obligations, at cost: 
Gyannee Tremsure mates, Fie, TESTGID «goo ond ce cccccccccieceveses 








Current Assets 


U. S. Government obligations, at cost: 









rr Sr i i i en. cn ccneensdvcdsccvadareonenecwacaes 30,020 
Temporary investment in pooled securities ...... 22... .ccccccccccccccccccccccecess 5,728 
Accounts receivable (U. S. Government, 1958—$32,808; 1957—$19,605) ........... 52,379 
eee Cae I oo 6 vc ccaw-d oe bb maceasee surah casiamenwesianmsiccebs 71,110 






er on 0s dus uiecsim cin nlaienninu ads amma worn eee eee 





REPORT OF THE TREASURER 


MARINE BIOLOGICAL LABORATORY 
BALANCE SHEETS 


December 31, 1958 


Endowment Funds 


Endowment funds given in trust for benefit of the Marine Biological Laboratory .. $1,017,300 


Endowment funds for awards and scholarships : 
Principal 
Unexpended income 


Unrestricted funds functioning as endowment sat bes 206,378 
Retirement fund 52,759 
Pooled investments—accumulated gain or (loss) (2,874) 


323,822 


Plant Liability and Funds 


Funds expended for plant, less retirements 3,103,854 
Less allowance for depreciation charged -ooe 1,063,577 


2,040,277 
Unexpended plant funds pare ees aia 743,037 


2,783,314 
Accounts payable 23,102 


2,806,416 


Accounts payable 33,355 
Unexpended balances of gifts for designated purposes ..............-.2eeeeeeeeees 9,767 
Advance payments on research contracts 109,792 
Current fund 


$4,440,638 


Notes : 
A—The Laboratory has guaranteed a note of approximately $2,000 of the M.B.L. 
Club and has deposited as security therefor the passbook for a savings account 
deposit of $3,046, included in cash. 


B—The Laboratory has since January 1, 1916, provided for reduction of book amounts 
of plant assets and funds invested in plant at annual rates ranging from 1% to 5% 
of the original cost of the assets. 
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MARINE BIOLOGICAL LABORATORY 
STATEMENTS OF OPERATING EXPENDITURES AND INCOME 
Year Ended December 31, 1958 


Operating Expenditures 








Direct expenditures of departments : 






I I Sd a bine emia dpe hei & ew Alcina $162,011 
ee se ee eae ank hes auiabns maken DEES 39,190 
Me: |. 2. ales abe wb ea aoe bine ealpaewe a earn cne a 35,270 
I fil ot it ool ak San uit Gees aaa Saati bag id ee ciate 22,050 











258,521 






Direct costs on research contracts ......... ski Stace dip ola aan ida ee is cD 134,566 
ea Oe hui ae mated wae ake Ke en ae 61,140 
I aia oe wre dal ins thee ch Ccphemaw ew a 93,823 
I sd os aaa one Sain RR OS eA eRe Rees 146,526 

- 








a ae wns RE Se RaN ee Aik e E ea 


709,443 





Less depreciation included in plant operation and dormitories and dining services 


es OE nc caste eee cea eete cede hapetanapen mada 38,884 








670,559 






Direct income of departments : 










I TN i i ac sesh cll eer Sa aa GE mec 47 269 
Accessory services (including sales of biological specimens, 1958—$73,354 .... 116,366 
rN Se ae re kb aka ke REET OR OCKE ERNE CREME CR oe Ona eeabadee® 16,865 
ise oad naw ade svkdeh nite a her balhaes ebekens shea ae 9,586 
ee ED: SUNNINOINES GU GOED oon s cecncensccceviscavsececnsesoeses 16,071 





206,157 
146,394 
108,419 





Reimbursement and allowance for direct and indirect costs on research contracts .... 
Sn SO conde bebe severe he cdeenbassereesuen sed 






460,970 













Investment income used for current expenses: 
ge oe See eeeeek seen eeeesia pate mee lear oats 88,106 
Covent fend iiwestumertis ........ cc ccccccccccess sala /aa swat Toei ele CIOS 7,781 
Gifts used for current expenses ..................24. ; srt stew bees Ve aera en 105,829 
So icict cie ecaunawnckn whi emmnieeond Mapehoah sd keke ts ate akteiees 5 





I nn a dandeendeeaenen' ns 662,691 






> 


Encess of income or (operating: expenditures) qo... oc ccecccccccccccescsccecccscevcs 








MARINE BIOLOGICAL LABORATORY 
STATEMENT OF CURRENT FUND 
Year Ended December 31, 1958 


SO lr ae ae Te EL eae bigin dl sp RMA dea wa Ga 
Excess of operating expenditures over income 1958 ..........0...00. 00. e cece ec cuee 







. $148,254 
(7,868) 
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MARINE BIOLOGICAL LABORATORY 
SUMMARY OF INVESTMENTS OF ENDOWMENT FUNDS 


December 31, 1958 
Approximate Investment 
Joot Market % of Income 
Cost Total Quotations Total 1958 
Securities held by Trustee: 
General endowment fund: 
U. S. Government bonds . j 
Other bonds ‘ sr 499 403 58. 479,575 


499 403 58.7 479,575 
Preferred stocks ox 85,788 1 71,025 
Common stocks .. 265,979 31. 862,808 


851,170 . 1,413,408 





General Educational Board endowment fund: 


U. S. Government bonds 
Other bonds 95,004 ; 89,52 





95,004 ‘ 89,525 
Preferred stocks 27,281 ; 24,268 
Common stocks 41,005 Al 191,904 


163,290 0 305,697 


Total securities held by Trustee $1,014,460 : $1,719,105 


Investments of other endowment and unre- 
stricted funds: 
Pooled investments : 
Other bonds ae 135,666 55.6 137,816 46.3 
Preferred stocks ARP,’ 10,531 4.3 11,350 3.8 73 
Common stocks ; 97,761 40.1 148,275 49.9 5,547 





243,958 100.0 $ 297,441 100.0 10,821 


Other investments : 
U. S. Government bonds 103 
Common stocks 43,600 22,470 
Real estate 26,156 167 


69,756 22,740 


Total investments of other en- 
dowment and_ unrestricted 


$33,561 


Total investment income 
Custodian’s fees charged thereto 
Income of current funds temporarily invested in pooled securities 


Investment income distributed to funds ...............-ccccccccceccccccscecccees $92,353 





SOME OBSERVATIONS ON CHLAMYDOMONAS MICROHALOPHILA 
SP. NOV. 


HARRY W. BISCHOFF 


Department of Biology, Texas Lutheran College, Seguin, Texas 


During the summer of 1958 the writer became interested in the profuse blooms 
of a species of Chlamydomonas in some barrels of water stored at the head of the 
Supply Department dock, Marine Biological Laboratory, Woods Hole, Mas- 
sachusetts.?, Previous morphological and cytological work on various species of 
Chlamydomonas, especially that of Bold (1949), and Buffaloe (1958), the second 
of which summarized discrepancies in chromosome numbers in several species, 
impelled the writer to investigate this cytologically favorable organism. 


MATERIALS AND METHODS 


Samples of water containing the organism were inoculated into sterile soil- 
water tubes (Pringsheim, 1946) and tubes containing an inorganic solution (Bold, 
1949) fortified with 5% supernatant from soil-water medium. 

Twenty clonal cultures were started by introducing single cells in sterile soil- 
water tubes. In the soil-water tubes and inorganic salt medium with soil-water 
supernatant, the growth of the organism was never as good as that observed in 
the natural habitat. Only a very delicate green phototactic ring appeared at the 
surface of the culture solutions. A sample of water from the barrel in which the 
organisms occurred was filtered several times and analyzed for salt content. The 
latter was found to be approximately 0.022 N in NaCl after titrating for the Cl ion 
by the Mohr method. Sea water from the coast of Texas taken from the Port 
Aransas area proved to be approximately 0.66 N in NaCl. To obtain the same 
number of moles of NaCl for a culture solution, as present in the original habitat, 
33 ml. of the Gulf sea water were diluted to one liter by adding inorganic medium 
and soil-water supernatant. After considerable experimentation excellent growth 
was obtained in a medium of the following composition : 


inorganic medium (Bold, 1949) 917 ml. 
soil-water supernatant 50 ml. 
Gulf sea water 33 ml. 


This medium supported good growth both in the liquid state and when solidified 
with agar. 
The addition of sea water to the medium, although not essential for growth, 


1 Investigation initiated while the author was Assistant in the Marine Botany Course, 
summer of 1958. The author wishes to acknowledge gratefully the friendly help and suggestions 
given by Dr. Harold C. Bold in the development of this paper. 

2 The same organism was present in these barrels as long ago as 1948 and seems to recur 
every year. 
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proved very stimulatory to the algal cultures. It was also of interest to note that 
six of the more vigorous clones would grow in media with much higher concentra- 


tions of sea water. 

With this evidence that the organism grows best in relatively high concentra- 
tions of salts, as compared with that in the more commonly employed algal culture 
media, a modified Knop’s solution was compounded as follows: 


@ Ca(NOQO,). ml. Gulf sea water 33 ml. 
5% KNO, ml. (approx. 4.3% salts by weight) 
5% MgSO,°7H.O ml. Sterile rain water 892 ml. 
5% KH.PO, ml. Soil-water supernatant 


This solution has a salt concentration more than five times that of Bold’s (1949) 
inorganic medium. This solution, with the sea water substituted for 33 ml. of 


4 


sterile water, contains approximately 0.32% salts by weight, and was employed as 
the culture medium throughout the remainder of the observations. One clonal 
culture was inoculated into four sets of tubes containing the modified Knop’s 


TABLE | 


Growth of Chlamydomonas microhalophila after two weeks in Knop’s medium with 5% soil-water 
supernatant and varying concentrations of Gulf sea water. Approximate salt 
content shown in parentheses 


Concentration of sea water . . ' ‘ 3 he < 
and salt content Clone H-1 Clone H-2 Clone H-3 Clone H-4 


36% ++* ++ ++ 
40° + ++ ++ 
45° ++ a + 
49° ++ ++ 


53% oe + 


+ 


c7 


{ 

( 

( 

( 
(.9/ 
(.62° 
(.66‘ 
( 
{ 
( 
( 
( 
( 
( 


t++++4 


.70° 
1S% 
19% 
83° 
.88° 
92% 
96% 
(1.00° 
(1.04° 
(1.09° 
(1.13 
(1.18% 


t 


rT rT eT 


t 


+++++4+++++4+4+4 


* Explanation of the symbols: 


+-+ abundant growth (cultures dark-green), 
+ moderate growth, 

+-— scant growth, 

— no growth apparent macroscopically. 
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Ficures 1-14. 
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solution with various concentrations of Gulf sea water. Scant growth occurred in 
the solutions containing as much as 1.0% salts (Table I). 

Hanging-drop preparations were used for observing living cells. All cultures 
were kept under constant fluorescent illumination at an intensity of 600 to 800 
foot-candles and at a temperature of 15-17° C. Flagella were observed by staining 
motile cells with fixative described below, modified by increasing its iodine content 
to the point of saturation. 

The following cytological methods were employed. Motile cells were taken 
from the surface of densely-populated stock cultures growing in liquid media and 
spread over the surface of sterile agar media in Petri dishes. These were illuminated 
at an intensity of 800 foot-candles for about six hours. The cultures were then ob- 
served, from time to time, under a stereoscopic binocular microscope for evidences 
of cell division. The maximum number of dividing cells and nuclear division 
figures was obtained at approximately 10 to 12 hours. Cells were fixed to glass 
slides and these were placed in Coplin jars containing fixative, as described by 
Buffaloe (1958). The writer also used the fixative which Cave and Pocock (1951) 
had modified from Johansen (1940), except that he reduced the iodine from 5 to 
2.5 grams. The stained chromosomes were seen better when the starch granules 
were not as heavily stained, as in the case when a more concentrated iodine fixative 
is used. Slides were allowed to remain in the fixative for approximately three 
hours, and then were drained of excess fluid. The preparations were then flooded 
with aceto-carmine, prepared according to the method of Cave and Pocock (1951), 
and placed upon a hot plate with the thermostat set at 300° F. In a very 
short time vapors arose from the stain. After 114-2 minutes steaming, during 
which the stain turned a deep red color, the slides were removed from the hot 
plate, drained and destained in 45% acetic acid for approximately 10 seconds. 
The slides next were placed in a mixture of equal volumes of 45% acetic acid and 


93% alcohol for two minutes, and, then, 95% alcohol for 5 minutes. Finally, after 


the alcohol bath, a drop of Euparal was placed upon the area occupied by the 
fixed cells and covered with a cover glass. 


All figures were drawn with the aid of a Spencer camera lucida, and reduced % in repro- 
duction. The magnifications are: for Figures 1-4 and 15-18, 2000 x; for Figures 5-9 and 
19-24, 1750 x ; for Figures 10-14, 1500 x. All figures were drawn from living material except 
Figure 12, which was stained with I.-KI solution, and Figures 19-24 which were stained with 
aceto-carmine. 

Figures 1-14. Chlamydomonas microhalophila. Ficure 1, vegetative cell in median longi- 
tudinal optical section, showing nucleus, pyrenoid, stigma and form of chloroplast. Ficure 2, 
vegetative cell in surface view. Ficure 3, vegetative cell in anterior polar view showing the 
incised apex of the chloroplast and the relationship of the contractile vacuoles to the plane of 
attachment of the flagella. Figure 4, vegetative cell in transverse optical section at the level 
of the pyrenoid. Ficures 5-7, asexual reproduction; in this case, parental flagella functional 
during division. Ficure 5, note 90° rotation, protoplast rotated 90° from longitudinal axis of 
cell wall; cell is still motile due to incomplete withdrawal of flagella. Ficure 6, first cleavage 
completed. Ficure 7, second cleavage completed, with the four daughter cells rotated in line 
with the longitudinal axis of mother cell wall. Ficures 8-18, sexual reproduction. Ficure 8, 
gametes after initial entanglement of flagella which are now completely separated; gametes 
probably attached by a protoplasmic thread. Ficure 9, fusion in progress; flagella still slightly 
motile; note discarded gamete walls. Ficure 10, pseudoheterogamous pair. Ficure 11, the 
same, somewhat later. Ficure 12, zygote stained with I.-KI, showing two distinct nuclei and 
pyrenoids 48 hours after plasmogamy. Ficures 13, 14, dormant zygotes. 
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OBSERVATIONS 
Morphology and reproduction 


The organism is ellipsoidal. The anterior and posterior poles are broadly 
rounded, but the anterior one is more acuminate than the posterior. Cell size ranges 
from 8.5 4-20, in length and 5-12, in width with the population averaging 
14 » in length and 8.5 in width. Young cells from germinating zygospores may 
be as small as 6m in length and 3 in width. The variation in cell size is a 
reflection of phases of development after liberation of daughter cells from the 
parent cell walls. The papilla, which is most clearly visible in small, young cells, 
is truncate, and it becomes obscured with increase in cell size and wall thickness 
(Figs. 1 and 2). Two small flagellar orifices may be observed when the protoplast 
contracts from the wall during cell division (Fig. 5). 

The chloroplast in median, optical section is a relatively thick-walled, hollow, 
ovoidal structure open at the anterior end. Here the chloroplast displays an 
irregularly scalloped margin (Figs. 2 and 3). The inner surface of the plastid is 
slightly undulate. The single spherical pyrenoid always lies in a lateral position, 
in a thickening of the chloroplast, in the posterior third of the cell (Fig. 1). The 
elliptical, disc-shaped stigma is embedded in the periphery of the anterior third of 
the chloroplast. The cell wall protrudes slightly at the region of the stigma 
(Fig. 1). The size and form of the stigma were constant in all cells observed. 

The nucleus is anterior in the colorless cytoplasm. Both in living and stained cells 
a large nucleolus is visible, but a centrosome could not be demonstrated even with 
Heidenhain’s iron haematoxylin, as reported for C. terricola. Two contractile vacu- 
oles occupy the anterior portion of the protoplast and always lie in a plane perpendic- 
ular to that of the attachment of the flagella (Figs. 3 and 25). The latter are con- 
siderably longer than the cell. Flagella nearly twice the cell length are very 
common among the smaller cells. 

The presence of zygotes in the twenty clonal cultures proved the organism is 
homothallic. The gametes are not distinguishable from the vegetative cells, 
except for their smaller size, an indication that, as in most species of Chlamydomonas, 
only young cells are sexually active. The gametes are isogamous ; although fusion 
between gametes of unlike size was observed, this is explained by the fact that they 
are in various stages of maturation (Figs. 10 and 11). 

In sexual union two gametes, with free flagella, repeatedly and vigorously 
approach each other in the region of the papillae as observed by Bold (1949) in 
C. chlamydogama. After one to two hours of this behavior, they become almost 
motionless. During this process the pairs do not move very far from a given 
point, another similarity to C. chlamydogama. A protoplasmic thread, as described 
by Bold (1949) and Lewin and Meinhart (1953), probably unites the two cells at 
this stage, but because of the constant movement of the cells this thread was not 
observed with certainty. The space between the papillae and four free-moving 
flagella is very good evidence that this thread does exist in this species (Fig. 8). 

After two to three hours, a permanent union of the gametes occurs at the region 
of the papillae, as the flagella continue to beat very feebly. The gamete walls are 
shed (Fig. 9) as in C. chlamydogama. The union of the gamete protoplasts is 
very slow, sometimes covering a period of 5 to 6 hours. The flagella disappear 
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and within 24 hours a zygote is formed. If the gametes are of equal size a 
spherical zygote results (Fig. 13); if the gametes are of unequal size, a “pear- 
shaped” zygote is formed, resulting possibly from the denser consistency of the 
larger cell (Fig. 14). A thick wall is secreted around the zygote. Both pyrenoids 
and nuclei are visible in the zygotes for as long as 48 hours (Fig. 12). In some 





22 


Figures 15-24. Chlamydomonas microhalophila. Ficure 15, six-month-old zygote in me- 
dian optical section with large oil droplets concentrated at the periphery. Ficures 16-18, zygote 
germination. Ficure 19, early prophase of nuclear division showing some of the chromatin 
bodies before condensation into chromosomes, pyrenoid elongating. Ficure 20, pyrenoid has 
divided and cytokinesis is being initiated in the region of the nucleus; the latter in late pro- 
phase showing 16 chromosomes. Ficure 21, anaphase stage with approximately 16 chromo- 
somes moving toward the opposite poles; the pyrenoid has not divided nor has cytokinesis 
been initiated. Ficure 22, first cleavage is completed, and nuclei are in prophase stage for 
second division; pyrenoid in one of the cells is elongating. Ficure 23, second cleavage, pyre- 
noids divided, and chromosomes at metaphase. Ficure 24, division of pyrenoids preceding 
second cleavage. 


instances, the pyrenoids were visible after several weeks. The zygote enlarges to 
as much as 22 in diameter as it matures. Dormant zygotes several weeks old 
accumulate droplets of colorless oil in the periphery, with the chlorophyll con- 
centrated in the center (Figs. 15 and 30). With increasing age the oil droplets 
enlarge. Very large, reddish-orange colored oil droplets, as confirmed by Sudan 
III, were observed in dormant zygotes 6 months old. 

To effect germination, zygotes which had dried on agar, under illumination 
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of 800 foot-candles for a period of over six months, were flooded with distilled 
water and kept in darkness for three days. After this, a small volume of soil- 
water supernatant was added and the tubes illuminated. The first germination 
occurred within 48 hours. At the end of six days most of the zygotes had liberated 
four small, motile daughter cells approximately 6 » in length (Figs. 16, 17 and 18), 


& 


28 50" ® x 


Figures 25-30. Chlamydomonas microhalophila. Photomicrographs of living cells, except 


Figure 27. Ficure 25, mature cell just prior to division; note contractile vacuoles. FIGURE 
26, immature cell, median optical section; note unilateral pyrenoid and chromatophore thick- 
ness. Ficure 27, cell treated with I.-KI, showing flagella. FiGure 28, rotation of protoplast 
prior to cleavage. Ficure 29, beginning of second cleavage. Ficure 30, maturing zygote. 


Cytology 


As in many species of Chlamydomonas, the protoplast rotates 90° within the 
wall prior to cell division. Cytokinesis in this species is initiated by the appearance 
of a furrow in the region of the nucleus, and opposite the position of the pyrenoids 
or dividing pyrenoid (Fig. 20). The first division occurs perpendicular to the 
longitudinal axis of the cell. This coincides with the description given by Kater 
(1929) for C. nasuta, Akins (1941) for Carteria crucifera, Bold (1949) for C. 
chlamydogama, and by Buffaloe (1958) for four species of Chlamydomonas. 

The two daughter cells usually undergo one more division which takes place 
in the same manner (Figs. 23 and 29). Cytokinesis is unilateral in the cytoplasm 
surrounding the nucleus (Figs. 20 and 23). Buffaloe (1958) reported that for 
four species of Chlamydomonas he studied, there was no exact synchrony between 
the division of the nucleus and the division of the pyrenoid. The same is true for 
the present organism, but there is synchrony between division of the pyrenoid and 
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cytokinesis. It was observed many times that cytokinesis is initiated while the 
nucleus is still in the prophase stage (Fig. 20). The division of the pyrenoid 
appears always to signal the inception of cytokinesis. The division of the pyrenoid 
follows its elongation (Figs. 19 and 24). Nuclear division may begin before or 
after the initiation of cytokinesis (Figs. 20 and 21). 

Each dividing mother cell usually gives rise to two or four daughter cells 
(Figs. 7, 22 and 23). Sometimes 8 and in exceptional cases 16 and even 32 cells 
were observed. Cell division generally takes place in non-motile cells, the flagella 
of which have been withdrawn. Occasionally, the mother cell does not become 
entirely non-motile, and following one or two successive bipartitions, two or four 
daughter cells propelled by the original flagella may be observed swimming about 
slowly and in cumbersome fashion (Figs. 5, 6 and 7). 

The interphase nucleus is approximately 4 in diameter and possesses one large 
nucleolus. During early prophase 30 or more irregularly shaped, darkly-stained 
bodies may be observed, scattered about the nucleolus (Fig. 19). In later pro- 
phases, the nucleolus disappears and the darkly-stained chromosomes number ap- 
proximately 16 (Fig. 22). These 16 spherical and slightly oblong bodies were 
never observed to form a ring in the metaphase as reported by Buffaloe (1958) 
for C. reinhardti. The polar view of the metaphase stage appears rather as a 
solid disc consisting of irregularly scattered chromosomes. Fewer than 16 + 1 
chromosomes were never observed. Early anaphase stages with spindle fibers 
clearly visible also exhibited two sets of approximately 16 chromosomes moving 
toward opposite poles (Fig. 21). 


DISCUSSION 


On the basis of the morphological and cytological data reported in this paper, 
the writer attempted to ascertain the specific identity of the Chlamydomonas studied 
by consulting the literature. The organism is somewhat suggestive of C. terricola 
Gerloff (1940) but differs from it clearly in a number of respects such as position 
of the stigma, nuclear position, chromosome number, behavior of gamete walls at 
copulation and nature of the zygote wall, among others. It differs from C. inter- 
media Klebs in the anterior position of the nucleus and posterior position of the 
pyrenoid. Further search of the literature has failed to reveal an organism with a 
combination of attributes like those of the organism studied in the investigation 
here reported. Therefore, it is described as a new taxon, C. microhalophila sp. 
nov., the specific name an allusion to its tolerance of a relatively high concentration 
of salt, as compared to other species. The specific diagnosis follows: 


Chlamydomonas microhalophila * 


Cellulae ellipsoideae, ad polum anteriorem paululum attenuatae; magnitudo 
cellularum, secundum aetatem, 8.5-20 » long. atque 5-12 » lat. Chromatophorus 
cavus urceolatus, paululum infra polum anteriorem abrupte terminatus atque 
incisus, incrassatione unilaterali prope basim, pyrenoideum prominens continente, 
praeditus. Stigma anterius protuberans; nucleus anterior. Duae_ vacuolae 
pulsantes atque duo flagella longitudine corpori aequa aut longiora. Numerus 


‘The writer is grateful to Dr. Hannah T. Croasdale for preparing the Latin diagnosis. 
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chromatosomatum (n)= 16. Planta homothallica, in  reproductione  sexualj 
isogamica, membranis gametarum tempore coniunctionis sexualis, zygotum ef- 
ferentis, omnino adiectis. Zygota matura usque ad 22 w diam., membranan levem 
habentia, in quattuor cellulas filias plerumque germinantia. 


Origo: In doliis magnis aquae plenis in loco Supply Department dock, M.B.L., 
Woods Hole, Mass. dicto. 


SUMMARY 


1. Morphological and cytological observations of a microhalophilic alga are 
described and illustrated. 

2. Clonal cultures isolated from a barrel of water at the Marine Biological Lab- 
oratory, Woods Hole, Massachusetts, proved to be members of an undescribed 
species of Chlamydomonas. 

3. The organism is described as C. microhalophila sp. nov., a member of the 
Chlamydella section of the genus. 

4. The organism tolerates concentrations of salts (predominantly NaCl) up 
to approximately 1.0%, and responds by marked increase in growth in concentra- 
tions up to approximately 0.5%. 

5. Its homothallic sexual reproduction and zygote germination are described 
and figured. 

6. Its chromosome number has been determined as n= 16 + 1. 

7. Cultures of the organism have been deposited in the Culture Collection of 
Algae, Department of Botany, Indiana University, and herbarium specimens have 


been sent to the Chicago Natural History Museum. 
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THE PRESENCE OF FERTILIZIN HAPTENS WITHIN THE 
UNFERTILIZED SEA URCHIN EGG’? 


JOHN W. BROOKBANK 


Department of Biology, University of Florida, Gainesville, Florida, and The Friday Harbor 
Laboratories, University of Washington,? Friday Harbor, Washington 


Tyler and Brookbank (1956a) have shown that rabbit antisera against purified 
fertilizin are capable of reacting with the hyaline layer of fertilized eggs, and of 
inhibiting the mitotic division of these eggs. This indicates a similarity between 
the hyaline layer combining groups or haptens and fertilizin haptens. Absorption 
of anti-fertilizin sera with sperm or coelomic fluid (“blood’’) does not remove the 
reaction of anti-fertilizin sera with fertilizin or hyaline layer material (Tyler and 
Brookbank, 1956b), indicating that species antigens are not involved. In addition, 
antisera against extracts of jelly-free unfertilized and fertilized eggs also possess 
properties of antisera against fertilizin (Tyler and Brookbank, 1956a). The 
possibility therefore exists that fertilizin haptens may be present within the eggs. 
The present report is concerned with the presence of fertilizin haptens within 
a granular fraction of the unfertilized egg. 


MATERIALS AND METHODS 


Fertilizins of Strongylocentrotus purpuratus (Friday Harbor, Washington) 
and Lytechinus variegatus (Sea Horse Key, Florida) were prepared from acid- 
(pH 3.5) treated unfertilized eggs by the method of Tyler (1949). After a pre- 
injection control bleeding, rabbits were injected on alternate days, over a three- 
week period, with ca. 50 yg of fertilizin. Two intravenous injections alternated 
with a single intraperitoneal injection. The sera were recovered 4-5 days after the 
final injection, and thoroughly dialyzed against sea water. Reaction of the sera 
with fertilized eggs (cleavage block), fertilizin (ring precipitin test), and sperm 
(agglutination ) was recorded. 

Preparations of adenosine-triphosphatase-bearing granules (AT Pase-granules ) 
were made according to a method devised by Whiteley (unpublished data). Un- 
fertilized eggs were deprived of soluble fertilizin by acid (pH 3.5) treatment, and 
thoroughly washed. Since acid-treated eggs are fertilizable, and are agglutinated 
by solutions of antifertilizin, it is apparent that some fertilizin remains on the sur- 
face after acid treatment. In order to reduce possible contamination of the 
ATPase-granules with this remaining fertilizin, the eggs were treated for 20 


1 This investigation was supported in part by a research grant (RG 4659) from the National 
Institutes of Health of the Public Health Service. 

?The author wishes to express his gratitude to the Friday Harbor Laboratories of the 
University of Washington for the use of space and equipment during the summer of 1957, to 
Professor A. H. Whiteley, of the University of Washington, for permission to include some of 
his unpublished results in this report, and to Dr. Ruth Cooper, for a critical reading of the 
original manuscript. 
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minutes with 10 mg.% trypsin in sea water (crystalline, lyophillized trypsin, 
Worthington Biochemical Company, Freehold, New Jersey) prior to homogeniza- 
tion. Eggs so treated were found to have reduced (no greater than 25% cleavage 
in 0.25% sperm suspension) fertilizability as compared with controls (ca. 90% 
cleavage in 0.25% sperm suspension), and also a reduced capacity to absorb anti- 
bodies against fertilizin (Table I). In order to minimize the amount of fertilizin 
present on the surface, the eggs were, therefore, routinely trypsinized in this manner 
prior to homogenization. One ml. of the washed, settled eggs was homogenized 
with 9 ml. of cold KCl-citrate solution (1 part .35 M Na citrate: 9 parts .55 M 
KCl, pH 6.8). Following two low speed centrifugations to remove unbroken eggs 
etc., the ATPase-granules were recovered, as a yellow pellet, by two successive 
centrifugations of 15 minutes duration (10° C.) at 10,000 x gravity. The re- 
suspended particles were spherical, of uniform size (ca. 2 microns in diameter) 
and readily distinguishable from the larger yolk granules which remain, for the most 
part, in the supernatant. Such small-granule preparations have 85% of the total 
ATPase activity of the whole egg homogenate (Whiteley, unpublished data). Prep- 


TABLE | 


The effect of trypsin treatment on the capacity of unfertilized eggs 
to absorb antibodies against fertilizin 
Ring with 
Serum fertilizin 


#10 (pre-injection serum) + 
10’ (antiserum) unabsorbed +++ 
10’ trypsinized egg absorbed +++ 2nd absorption + 
10’ egg absorbed (no trypsin) + 2nd absorption + 


arations of this sort, with no more than an estimated 10% contamination by yolk 
granules, were used as absorbing antigens (preparations which contained little or 
no discernible yolk were also successfully utilized). Prior to use in absorptions, 
the yellow pellets were rinsed with sea water to remove the KCl-citrate mixture. 

Sperm which were used as absorbing antigens were centrifuged and washed 
three times to remove seminal fluid. “Blood” was obtained from KCl-injected 
adult animals through a puncture in the peristomial membrane, and examined for 
contamination with eggs or sperm. This material was then allowed to clot at room 
temperature. The clot was recovered by centrifugation, washed with sea water, 
and used as an absorbing antigen. Jelly-free unfertilized eggs, deprived of the 
soluble portion of their fertilizin coat by acid treatment (pH 3.5), were also used 
for absorptions. For each experiment, approximately equal volumes of serum and 
absorbing material were mixed for 5 minutes at room temperature, and then 
centrifuged to recover the serum. 

Clear supernatants of homogenized blood clots and homogenized AT Pase- 
granule supernatant were used as test antigens in ring precipitin tests, as were 
fertilizin solutions. Visible precipitin reactions occurring within 2-5 minutes were 
scored as +++, while those appearing after 30 minutes are indicated as +. Re- 
actions appearing after 90 minutes are indicated by +. Tests were carried out 
with undiluted sera in tubes of ca. 1.5 mm. internal diameter. 

Tests for cleavage blocking activity involved mixing one drop of egg suspension 
(about 100 eggs) and one drop undiluted serum (sea water dialyzed). The sera 
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were scored as blocking (+++) if no more than one cell division of the membrane- 
less fertilized eggs occurred following the addition of the serum. Retardations of 
development without inhibition of cleavage are indicated by a plus-minus sign (+). 


RESULTS AND DISCUSSION 


The results of experiments with the two species of sea urchin are summarized 
in Table II. From this table it can be concluded that absorption with eggs or 
ATPase-granules removes most of the cleavage-blocking activity of the immune 
sera, as well as the majority of the fertilizin precipitins; sperm absorption is not 
effective, nor is absorption with blood. Absorption with blood removes virtually 
all antibodies against this material, though sperm absorption leaves antibodies, 
capable of precipitating soluble blood antigens, in solution. Since the unabsorbed 
Lytechinus antisera against fertilizin do not react with sperm, it is reasonable that 
sperm absorption should fail to abolish any reactions exhibited by these sera. The 
reaction of L. variegatus anti-fertilizin sera with AT Pase-granule supernatant may 
be due to the presence of unsedimented ATPase-granules in this material, or to 
the presence of fertilizin haptens associated with some other cytoplasmic fraction. 

Concerning contamination of the ATPase-granules with surface fertilizin, all 
that can be said, at present, is that attempts have been made to hold this to a 
minimum. As can be seen in Table I, the trypsinized eggs show only a reduction 
in ability to absorb antibodies against fertilizin, indicating that some fertilizin 
remains after this treatment (further trypsin treatment tends to make the eggs 
excessively fragile, and therefore difficult to handle). Quantitative studies on the 
amount of granular material necessary to absorb a given volume of antiserum are 
necessary before the effectiveness of trypsin treatment in reducing possible con- 
tamination of the ATPase-granules can be evaluated. On the other hand, the 
acid-treated eggs were washed three times with sea water, and, following trypsin 
treatment, an additional five times with sea water and three times with the 
homogenization medium. It is therefore unlikely that any soluble fertilizin is 
available, for adsorption to internal constituents, at the onset of homogenization. 
Small particles of fertilizin, in an insoluble complex of some sort, may be present 
and able to combine with AT Pase-granules or other fractions. 

These results are of value in interpreting the similarity of action of antisera 
against purified fertilizin and antisera against extracts of “jelly-free” unfertilized and 
fertilized eggs. Both types of antisera block cleavage, precipitate fertilizin, and 
may fail to agglutinate sperm (Tyler and Brookbank, 1956a, 1956b). In addition, 
antisera against Lytechinus fertilizin, and against “jelly-free” unfertilized and 
fertilized Lytechinus eggs, increase the respiration rate of unfertilized and fertilized 
eggs (Tyler and Brookbank 1956b; Brookbank, 1959). 

The presence of fertilizin haptens within the eggs may be of importance in 
the chemical “architecture” of the eggs. Tyler (1940) discovered that unfertilized 
sea urchin eggs contain a substance complementary to the surface fertilizin (termed 
antifertilizin from eggs). This discovery and other investigations (Tyler, 1946) 
led Tyler (1947) to propose an auto-antibody concept of cell structure and cell 
adhesion, involving a system of interlocking, mutually complementary substances 
extending from sites of synthesis to the external boundary of the cell. The 
demonstration of fertilizin haptens within the eggs would be consistent with this 
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TABLE II 
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Ring tests, sperm agglutination, and cleavage inhibition 
tests on antisera against fertilizin 


S. purpuratus 


Pre-injection sera 
d. unabsorbed 
d. sperm absorbed 
d. ATPase-granule absorbed 
e. unabsorbed 
e. sperm absorbed 
f. unabsorbed 
f. sperm absorbed 


Immune sera 

d. unabsorbed 

d. sperm absorbed 

d. ATPase-granule absorbed 
e. unabsorbed 

e. sperm absorbed 

f. unabsorbed 

f. sperm absorbed 


L. variegatus 


Pre-injection sera 


#4. unabsorbed 

#4. sperm absorbed 

#4. blood absorbed 

#4. unfert. egg absorbed 

#4. ATPase-granule absorbed 
#10. unabsorbed 
#10. sperm absorbed 
#10. unfert. egg absorbed 


#10. ATPase-granule absorbed 


Immune sera 
4. unabsorbed 
4. sperm absorbed 
4. blood absorbed 
4. unfert. egg absorbed | 
4, ATPase-granule absorbed 
10. unabsorbed 
10. sperm absorbed 
10. unfert. egg absorbed 
10. ATPase-granule absorbed 


- indicates test not performed. 


Agglutina- 
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However, the presence of fertilizin haptens, as demonstrated by serological 


techniques, does not, of course, necessarily imply that the substances bearing these 


haptens are able to combine specifically with antifertilizin of eggs of sperm. 


Or, 


to rephrase the foregoing sentence, there is no reason to assume that the rabbit 
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antibodies against fertilizin are directed, exclusively or in part, against the fertilizin- 
antifertilizin combining sites. 


SUMMARY 


1. ATPase-bearing granules of unfertilized sea urchin eggs were shown, through 
absorptions of antisera against fertilizin, to possess fertilizin-like combining groups. 

2. These granules were also capable of neutralizing the cleavage-blocking action 
of these antisera. 

3. These results are discussed in light of the similarity of action of antisera 
against purified fertilizin to the action of antisera against extracts of jelly-free (acid 
treated) unfertilized eggs, and washed, demembranated fertilized eggs. 
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X-RAY EFFECTS ON MITOTIC ACTIVITY OF THE ACCESSORY 
SEX ORGANS OF CASTRATE RATS STIMULATED BY 
TESTOSTERONE PROPIONATE? 


JOHN H. D. BRYAN AND JOHN W. GOWEN 


Department of Genetics, Iowa State College, Ames, Iowa 


The effects of irradiation of the mouse testis with 320 r of x-rays have been 
discussed in a previous paper (Bryan and Gowen, 1956). The testis is character- 
ized by a relatively high level of mitosis and in this respect is quite different from 
most other organs. Our findings indicate that irradiation markedly inhibited 
mitotic activity in spermatogonia. In addition data were obtained which suggested 
that irradiation-induced inhibition of desoxyribose nucleic acid (DNA) synthesis 
contributed to this suppression of mitotic activity. Observations on other tissue 
cells would broaden the significance of these findings both to the normal mitotic 
behavior of these cells and to the effects of radiation on them. 

The mitotic behavior of the accessory organs of the castrate rat, the seminal 
vesicle and the dorsal prostate, is of significance to this problem. These organs 
may have high mitotic rates. They have the further advantage that the rates may 
be controlled through castration which reduces mitotic activity through removal of 
hormonal stimulation and/or by testosterone injections which enhance the mitotic 
activity (Moore et al., 1930; Burrows, 1940; Cavazos and Melampy, 1954; 
Melampy et al., 1956 and others). 

The response of these tissues to irradiation and/or hormone treatments as 
described herein was measured by mitotic counts coupled with cytophotometric 
measurements of the DNA-Feulgen content of interphase nuclei. This approach 
has the advantage that the methods complement one another. Together they 
provide information with respect to the relations between the visual manifestations 
of mitotic activity and certain underlying biochemical activities. 


MATERIALS AND METHODS 


Male rats of Fischer line 344 were used in the present experiments. The 
animals were castrated when nine weeks old and the accessory organs allowed to 
regress for twenty days. All the experimental animals were then given daily 
subcutaneous injections of testosterone propionate (500yg) in oil.? Half the 
animals were anesthetized and exposed to 320 r of x-rays (130 pkv; 10 ma; filtra- 
tion 0.25 mm. Al; anode-target distance 20 cm. in air; dose rate 320 r/min.). 
The irradiation was delivered to the pelvic region only, the rest of the body being 
shielded with lead. The irradiation was given coincident with the initial hormone 
injection. 

1 Journal Paper No. J-3512 of the Iowa Agricultural and Home Economics Experiment 
Station, Ames, Iowa. Project No. 1187. This work has received assistance from Contract 


No. AT (11-1) 107 from the Atomic Energy Commission. 
2 Peranderan, Ciba Pharmaceutical Products, Inc., Summit, N. J. 
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Pairs of animals were killed at 24, 48, 60 and 72 hours following irradiation 
and/or initial hormone injection. The seminal vesicles and dorsal prostate were 
rapidly removed, cut into small pieces, blotted to remove any secretion and dropped 
into the fixative. Tissues were fixed overnight in 10% neutral formalin, washed 
for 24 hours in running water and then divided into two portions. One was de- 


TABLE I 


The effects of irradiation and of androgen injection on the mitotic activity of 
the secretory epithelium of the accessory organs of castrate male rats 





Seminal vesicle Dorsal prostate 


Treatment Mitosi 
No. cells Mo S oot 

| 2 tonal as % 
counted Mitosis control 


Mitosis 
as % of 
control 


No. cells % 
counted Mitosis 


Intact controls | 7,697 | 0.25 -_ 7,733 ; —_ 


20 day castrates 8,753 | 0.10 | 40 8,861 11.5 


20 day castrates: 

(a) 24 hrs. after 1st hormone in- 
jection 9,280 

24 hrs. after 1st hormone injection 
and x-rays 





(b) 48 hrs. after 1st hormone in- 
jection 

48 hrs. after 1st hormone injection 
and x-rays 


(c) 60 hrs. after 1st hormone in- | 
jection 

60 hrs. after 1st hormone injection 
and x-rays 








(d) 72 hrs. after 1st hormone in- | 
jection ’ | 11,742 
72 hrs. after 1st hormone injection 
and x-rays 2.23 | | 7,603 




















hydrated, cleared in benzene and embedded in 56-58° C. Tissuemat; the other was 
taken up to 70% alcohol and stored in the refrigerator. Kidney tissue from control 
rats also was fixed and processed in the above manner. 

The embedded material was sectioned at 6 » and the slides therefrom were used 
for mitotic index determinations. The material stored in alcohol was used to pre- 
pare isolated nuclei for photometric purposes since examination of sectioned material 
indicated that most nuclei were badly overlapped. 

Small pieces of tissue were run down to water and hydrolyzed in 1 N HCl for 
12 minutes at 60° C., washed, and stained in toto by means of the Feulgen reaction 
for two hours at room temperature (Stowell, 1945). After passing through the 
bleach baths the tissue pieces were washed in distilled water, passed into 45% 
acetic acid and left for 10 minutes. Small fragments were then removed into 
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TABLE II 











Treatment 


Control 


20-day castrate 


24-hr. hormone 


24-hr. hormone 
T X-rays 


18-hr. hormone 


48-hr. hormone 
+ x-rays 


60-hr. hormone 


60-hr. hormone 
tT X-Tays 


72-hr. hormone 


72-hr. hormone 
+ x-rays 


An analysis of the variation in the mitotic index data 


Animals compared 


Between organs or rats | 


Among counts 





Rat A—S.V. & D.P. 
Rat B—S.V. & D.P. 
Rats A & B—S.V. 
Rats A & B—D.P. 
Rat A—S.V. & D.P. 
Rat B—S.V. & D.P. 
Rats A & B—S.V. 
Rats A & B—D.P. 
Rat A—S.V. & D.P. 
Rat B—S.V. & D.P. 
Rats A & B—S.V. 
Rats A & B—D.P. 
Rat A—S.V. & D.P. 
Rat B—S.V. & D.P. 
Rats A & B—S.V. 
Rats A & B—D.P. 
Rat A—S.V. & D.P. 
Rat B—S.V. & D. P. 
Rats A & B—S.V. 
Rats A & B—D.P. 
Rat A—S.V. & D.P. 
Rat B—S.V. & D.P. 
Rats A & B—S.V. 
Rats A & B—D.P. 
Rat A—S.V. & D.P. 
Rat B—S.V. & D.P. 
Rats A & B—S.V. 
Rats A & B—D.P. 
Rat A—S.V. & D.P. 
Rat B—S.V. & D.P. 
Rats A & B—S.V. 
Rats A & B—D.P. 
Rat A—S.V. & D.P. 
Rat B—S.V. & D.P. 
Rats A & B—S.V. 
Rats A & B—D.P. 
Rat A—S.V. & D.P. 
Rat B—S.V. & D.P. 


Rats A & B—S.V. 


Rats A & B 


-D.P. 


MS. | df | F 





MS. | df F 

000) 1 004 | 2 

042; 1 | 8.9**| 002 | 4 

000! 1 003 | 4 

029} 1 003 | 3 

001; 1 000 | 1 

000} 1 000 2 

000} 1 000 | 2 

000} 1 000 | 1 

001} 1 | 001 | 5 
001} 1 004 | 4 

000} 1 003 | 5 

003! 1 002 | 4 

000! 1 002 | 3 

001) 1 001 | 3 

001) 1 001 | 4 

000! 1 003 | 2 

040| 1 | 4.4* | .009 | 3 

.281| 1 | 23.4** | .003 | 4 

118; 1 | 7.9%*| .006| 4 

002) 1 006 | 3 

005} 1 008 | 7 

348| 1 | 24.8** | .016 | 6 

404| 1 | 30.3**| 014 | 8 

000) 1 008 | 5 

010) 1 097 | 4 | 4.0** 
358; 1 | 15.5** | .054 | 5 | 2.4* 
044| 1 093 | 3 | 3.4* 
084| 1 | 4.2% | .063 | 6 | 3.1%*| 
1.191| 1 | 56.7**| 025 | 4 

689; 1 | 34.4** | 009 | 4 

027; 1 029 | 4 

007} 1 005 | 4 
1.190} 1 | 37.0** | .064 | 6 | 2.0 
185; 1 | 9.4** | .009 | 5 

.744| 1 | 21.2% | .074| 5 | 2.1 
136; 1 | 68* | .010 | 6 

072; 1 | 3.5 | .061 | 4 | 3.0* 
O11} 1 081 | 4 | 4.0** 
0.012| 1 061 | 4 | 2.7 
.003| 1 081 | 4 | 4.5** 


1 F values marked * shows significance at the 0.05 level and ** at the 0.01 level. 





Binomial error 


df 
.003 6903 
.005 8458 
.002 7673 
.005 7688 
.001 7503 
.001 10,090 
.001 8740 
.001 8853 
.004 8851 
.003 7707 
.004 9238 
.004 7320 
.004 7121 
.004 7242 
.004 7600 
.004 6963 
.009 7054 
.012 8510 
015 7450 
.007 8108 
.007 | 11,591 
.014 | 10,290 
013 | 13,191 
.006 8690 
.024 9304 
.023 9304 
.026 6959 
.020 | 11,649 
021 7617 
.020 7454 
031 7582 
010 7489 
.032 | 11,593 
020 9454 
035 9544 
.020 | 11,503 
.021 7246 
.020 7298 
.022 7085 
.018 7459 
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drops of 45% acetic acid on microscope slides, covered with a coverslip and 
macerated with the aid of a Burgess Vibro-graver equipped with a plastic tip. By 
this means epithelial nuclei were isolated in a manner suitable for photometric 
purposes. 


TABLE III 


DNA-Feulgen content of seminal vesicle and dorsal prostate nuclet 


Seminal vesicle Dorsal prostate 


Intact controls 


20-day castrates 


20-day castrates: 
(a) 24 hrs. after 1st hormone in- 
jection 


24 hrs. after 1st hromone injec- 
tion and x-rays 


(b) 48 hrs. after 1st hormone in- 
jection 


48 hrs. after 1st hormone injec- 
tion and x-rays 


(c) 60 hrs. after 1st hormone in- 
jection 


60 hrs. after 1st hormone injec- 
tion and x-rays 


(d) 72 hrs. after 1st hormone in- 
jection 


72 hrs. after 1st hormone injec- 
tion and x-rays 





Il 
Ila 
Il 
Ila 


Ila 

III 9 
II 26 
Ila 14 
II! 10 


5.88 


DNA-Feulgen 
content 


3.58 + 0.07 


3.13 + 0.06 


2.92 + 0.06 


2.58 + 0.07 
4.60 
3.05 + 0.10 
4.35 
5.73 + 0.12 


3.14 + 0.08 


| 4.80 
| 6.05 


2.61 + 0.11 


3.83 
4.96 + 0.27 


2.61 + 0.11 


4.18 
4.74 + 0.11 


3.11 + 0.08 


4.42 


2.74 + 0.11 
4.19 + 0.10 
5.73 + 0.46 


DNA-Feulgen 
content 


3.26 + 0.06 
4.41 


3.11 + 0.07 








2.10 + 0.08 


3.87 


2.39 + 0.06 





The slides were frozen on a block of dry ice and the coverslips removed. 
Slides were passed into 95% alcohol, further dehydrated and mounted in oil of 


matching refractive index. 


Measurements of the DNA-Feulgen complex were made with the apparatus as 


described previously (Bryan and Gowen, 1956). 


Transmittance data were ob- 
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Ficure 1. The mitotic response of seminal vesicle and dorsal prostate epithelium at different 
times following irradiation and/or hormonal stimulation. 







tained by the “plug” method of Swift (1950); however, since the majority of 
nuclei were ellipsoidal rather than spherical, the formula derived by Kasten (1956) 
was substituted for the one devised by Swift. 

An important factor in the utilization of the Feulgen procedure for cyto- 
photometric purposes is the precise control of the hydrolysis step. When small 
pieces of tissue—rather than thin sections—are used, the hydrolysis procedure 
becomes subject to more variation. The end result is that DNA-Feulgen values 
for the same tissue processed in two separate procedures may be more variable 
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than the results obtained with sectioned material processed in a similar manner. 
However, for any single piece of tissue the staining appears to be quite uniform. 
Thus in the case of the kidney, DNA-Feulgen measurements made on fragments 
drawn from different regions of the same piece did not differ significantly from 
each other. This experiment was repeated at a later date with a fresh batch of 
Feulgen reagent and similar results were obtained. However, the mean values for 
the DNA-Feulgen content were about 28% higher. In view of these findings and 
of the fact that the slides were made at different times involving different batches 
of the Feulgen reagent, care must be taken not to misinterpret the variation be- 
tween the mean DNA-Feulgen values reported in Table III. 

Feulgen-stained sections were used for mitotic index determinations. A total 
of 3000-6000 cells was counted and classified per tissue per animal. Fields were 
chosen at random, every cell in the field being classified and recorded. 


RESULTS 
A. Mitotic index determinations 


The data obtained are summarized in Table I. The values in columns 2, 3, 6 
and 7 of the table represent the combined counts from each pair of animals. In 
columns 5 and 9 the mitotic activity is expressed as per cent of control values for 
seminal vesicle and dorsal prostate, respectively. These values are presented in 
graphical form in Figure 1. 


Seminal vesicle 


The data indicate that by 20 days following castration the level of mitotic 
activity has declined to about 40% of the control value. The hormone-treated 
animals show a steady increase in activity reaching a peak at 72 hours after the 
initial injection was given. The level of activity reached at this time represents 
a fourteen-fold increase over the value obtained for the controls. In the case of 
the animals receiving irradiation as well as hormone, the rise in mitotic activity is 
similar over the period 0 through 48 hours. Here, however, the peak of mitotic 
activity is reached at 60 hours and the level then undergoes a marked decline. This 
60-hour value is not very different from the corresponding value of the animals 
which received hormone alone. 


Dorsal prostate 


In this organ the response was found to be quite different from that of the 
seminal vesicle (Fig. 1). At no time during the experiment did the levels of 
mitotic activity of the dorsal prostate reach levels comparable with those deter- 
mined for the epithelium of the seminal vesicle. The level of activity increased 
more slowly over the period 0 through 48 hours. In the case of the animals 
which received hormone alone the mitotic activity reached a peak at 60 hours and 
essentially the same level was found at 72 hours. Unlike the conditions prevailing 
in the seminal vesicle, the mitotic activity in irradiated and hormone-treated animals 
did not reach a peak until the end of the experimental period, the value being 
almost identical with the terminal value for the hormone-only group. 
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In certain pairs of animals some variation in the mitotic index is apparent. As 
examples of the magnitude of these variations the most extreme cases are pre- 
sented herewith. In the seminal vesicle, the 48-hour hormone + x-ray data 
range from 0.75% (rat A) to 1.83% (rat B). Similarly in the case of the dorsal 
prostate, mitotic counts for the 72-hour hormone animals range from 1.63% to 
2.29%. A statistical analysis of the variation in the mitotic index data is set forth 
in Table II. The variation between seminal vesicles at 48 and 72 hours following 
the initial hormone injection and at 48 hours after hormone and irradiation is 
significant at the 1% level. The dorsal prostates show some variation between 
rats at 60 and 72 hours after the start of the hormone treatment. These differences 
in response are significant at the 5% level. 

On account of this observed variation between animals in the present work, 
differences in the magnitude of the mitotic response of irradiated versus unirradiated 
animals should be viewed with circumspection. However, the data do establish 
the trend in response to the treatments. Within this framework, the mitotic counts 
when taken together with the DNA-Feulgen data do allow meaningful conclusions 


to be drawn. 


B. DNA-Feulgen content of nuclei 


The data obtained are presented in Table III. Tissue from each member of 
pairs of animals was subjected to the photometric procedure. From each animal 
and tissue, samples of twenty-five nuclei were measured. The means are there- 
fore based on samples of fifty measurements each. The mean amount of DNA- 
Feulgen complex, in arbitrary units, together with their respective standard errors 
are listed in columns 4 and 7 of the table. Nuclei possessing the diploid amount 
of DNA-Feulgen complex are designated as Class II nuclei, those with twice this 
amount Class III, and Class Ila represents nuclei possessing an amount of DNA- 
Feulgen complex intermediate between these levels. 

The range of values for the DNA classes was determined from measurements 
of nuclei isolated from kidney tissue of control animals. The spread of values 
was slightly variable; thus two samples gave highest values of 1.4-1.5 units higher 
than the lowest (for example, ranging from 2.69 units to 4.17 units) while in 
two samples measured at a later date a range of 1.2 units was obtained (2.15-3.37 
units). 

Since the kidney nuclei have a more uniform appearance than the seminal 
vesicle or dorsal prostate nuclei, the larger range of values was chosen as a better 
approximation to the range expected for the diploid class. An approximation to 
the range expected for Class III nuclei was made by doubling the values obtained 
for the Class II nuclei in each set of measurements. Any values falling between 
the upper limits of Class II and the lower limits of Class III were assigned to 
Class Ila. 


Seminal vesicle 
It is evident from Table III that until 48 hours following irradiation and/or 


the initial hormone injection, the DNA-Feulgen values fall almost entirely into 
Class II. At 48 hours significant numbers of Class III nuclei appear but they are 
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much less frequent in the irradiated material. By 72 hours following the initial 
hormone injection the frequency of Class III nuclei has declined to about half the 
48-hour value. In the case of the irradiated animals the highest number of Class 
III nuclei appears in the 60-hour material. 

This variation in number or lack of Class III and Class Ila nuclei is not due 
primarily to errors of sampling (though the latter may contribute to the variation) 
since duplicate samples have yielded essentially the same results. 


Dorsal prostate 


In the section on mitotic activity it was pointed out that the epithelium of the 
dorsal prostate was much less mitotically active than that of the seminal vesicle. 
This behavior is paralleled by the synthetic activity—as judged by the lower 
frequency of Class IJa and Class III nuclei. Not only are these classes almost 
absent until the 48-hour period, but also at 72 hours following the start of the 
hormone treatment. This latter decline is in contrast with the findings with 
respect to the seminal vesicle. 


DISCUSSION 


As pointed out earlier, the testis is characterized by a high rate of spermatogonial 
mitosis. It is this mitotic activity which is markedly inhibited following irradiation. 
Other data indicate that inhibition of DNA synthesis in interphasic spermatogonial 
nuclei contributes to this suppression of mitotic activity. It would therefore seem 
likely that other mitotically active tissues would respond in a similar manner 
following exposure to similar x-ray doses. 

A brief resumé of the spermatogonial response is given here to facilitate com- 
parison with the results of the present work. In the normal mouse testis 4 per 
cent of the spermatogonia appeared to be undergoing mitosis at a given time. 
Spermatogonial divisions rapidly declined to less than 5 per cent of the control 
level by 3 days after exposure to 320 r of x-rays. A rise in mitotic activity was 
apparent 5-10 days following irradiation. The highest level of activity was not 
observed until the termination of the experiment, i.e., at 28 days after exposure. 
At this time the level attained was slightly more than twice that of the controls. 

As may be seen from Table I and Figure 1, the mitotic response of the accessory 
organs follows a pattern quite different from that just described. The onset of 
activity occurs in a matter of hours rather than days. This suggests that the 
period of mitotic inhibition is markedly contracted. 

In the case of the seminal vesicle peak mitotic activity is reached at 60 hours 
after irradiation. Moreover, this peak value is approximately 12 times higher than 
the control level. The mitotic response of this organ is then much stronger and 
more rapid than in the case of the testis. 

With respect to the dorsal prostate the highest level of activity following ir- 
radiation was not reached until 72 hours after exposure. This level was 3.5 times 
higher than the control. The response of the dorsal prostate is clearly on a much 
lower level than that of the seminal vesicle. 

It would appear from the above discussion that the radiation response of 
somatic and germinal tissue is quite different. This may be a reflection of under- 
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lying metabolic differences between tissues. This idea receives some support from 
the recent work of Pelc and Howard (1956). These workers, using C**-labelled 
adenine, found a difference in incorporation between spermatogonia and somatic 
tissues such as seminal vesicle, skin and intestine. Their data suggest thata DNA 
precursor becomes maximally labelled soon after injection and is drawn upon by 
spermatogonia but not by somatic tissues. There is then the possibility that the 
DNA of reproductive cells may be synthesized in a somewhat different manner 
from that of somatic cells. These biochemical processes may differ in their 
sensitivity to x-rays. 

Certain other factors may also contribute to the observed differences in response. 
As is evident from our present data and from the prior work of Cavazos and 
Melampy (1954), hormonal stimulation of mitotic activity does not, in these 
organs, become markedly effective until 48 hours after the initial injection. It 
has been pointed out by Lea (1955) that the effect of the x-ray dose decays with 
time (see page 289). So it is possible that the effect of the dose has undergone 
some decay before the inhibitory action can become effective. In other words, the 
“effective” dose of x-rays may not be identical for the two experiments. 

The response of the seminal vesicle to androgen and irradiation treatments has 
been studied by several other workers (see for example Cavazos and Melampy, 
1954; Fleischmann and Nimaroff, 1954; Melampy et al., 1956). The results 
reported here differ in some aspects from those of the studies; however, taken as 
a whole they do show similar trends. These previous workers used colchicine to 
facilitate mitotic index determinations whereas colchicine was not used in the 
experiments reported here. Therefore the mitotic indices listed in Table I are 
much lower than those published by the workers cited above. 

The data of Fleischmann and Nimaroff (1954) and of Melampy et al. (1956) 
were interpreted as suggesting that following irradiation there is a delay in the 
onset of mitotic activity. After doses of 640 r or less (Melampy et al., 1956) the 
delay was such that the peak level of mitotic activity was observed at 60 hours. 
Furthermore, Fleischmann and Nimaroff (1954) found that if an interval of 5 
days was allowed between irradiation and hormone injection the delaying effect 
was lost. This latter observation is of interest inasmuch as it clearly demon- 
strates that recovery occurs after a partial-body exposure to 3000 r. 

In the present work, the 60-hour mitotic index following exposure to 320 r was 
only about 12% higher than that of the controls (hormone alone) whereas Melampy 
et al, found corresponding values to differ by a factor of two. Strain differences 
may be involved since the Fischer strain (line 344) appears to be more radio- 
resistant than certain other strains (Dunning, personal communication). On this 
basis a shortening of the delay period would be expected with the consequence that 
the mitotic index would be depressed towards control levels. Also from a statisti- 
cal viewpoint, the numbers of animals per time period are rather small so that errors 
of sampling are of increased significance (see elsewhere in this paper for further 
discussion of sources of variation which bear on this point). 

As shown in Figure 1, the mitotic response of the dorsal prostate following ir- 
radiation and/or hormonal stimulation is on a much lower level than that of the 
seminal vesicle. This is most probably a reflection of innate differences in activity 
of these organs as well as possible differences in magnitude of the response to the 
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experimental treatments. The shape of the curves for the dorsal prostate would 
suggest that recovery from any induced mitotic delay does not occur until close to the 
end of the experimental period. This is in contrast with the findings for the 
seminal vesicle. 

It has been shown by various workers that the synthesis of chromosomal ma- 
terial in preparation for mitotic division occurs during the interphase. Experiments 
with radio-active precursors by Pele and Howard (1952), Taylor and McMaster 
(1954) and recently, by Taylor et al. (1957), point clearly in this direction. 
Cytophotometric studies (see for example Swift, 1950; Bryan, 1951; Taylor and 
McMaster, 1954) are in agreement with the results obtained by autoradiographic 
procedures. 

From the above work it should follow that any treatment which suppresses or 
inhibits mitotic activity should result in the absence or reduction in number of 
Class III nuclei. In a sample of nuclei selected at random from a mitotically 
active tissue the relative proportions of the DNA classes will depend upon the 
speed at which DNA synthesis is accomplished and the rate at which Class III 
nuclei enter into prophase. Thus if conditions are such that Class III nuclei enter 
division without any intervening delay, the chances of encountering such nuclei in 
a sample are rather small. If, on the other hand, chromosomal reduplication is pro- 
ceeding at a rate appreciably faster than that at which such nuclei enter division, 
then Class III nuclei should accumulate and should constitute a significant propor- 
tion of the measured sample. The mitotic activity—measured in terms of re- 
duplication of the DNA content of interphase nuclei—will then be a measure of 
the balance between these mechanisms. It should also follow that, within certain 
limits, a comparison of the DNA-Feulgen data and the mitotic counts should 
afford some insight with respect to the nature of the response evoked by agents 
which inhibit or enhance mitotic activity. 

In the case of the intact controls, where mitotic activity was found to be rather 
low and most probably represented replacement of dead cells rather than tissue 
growth, 98-100% of the nuclei measured fell into the diploid DNA class (Class 
IT). Similar results were obtained with respect to the 20-day castrates where the 
mitotic index was still lower. Not until the 48-hour period were significant 
numbers of Class III (and Ila) nuclei encountered. With respect to the seminal 
vesicle material, the proportion of Class III nuclei at this time was 63% in the 
case of the unirradiated animals, whereas following irradiation 14% of the sample 
was composed of such nuclei. At 60 hours after the initial hormone injection the 
proportion of Class III nuclei remained about the same. In the case of the 60-hour 
irradiation and hormone-treated material, the proportion of Class [II nuclei had 
increased to 34% (from 14% at 48 hours). At 72 hours after the start of the 
treatment, the proportion of Class III nuclei had fallen to 18% of the sample from 
animals receiving hormone alone and to 20% in the case of the irradiated animals. 

These cytophotometric data indicate that the tissue response evoked by the ir- 
radiation treatment is rather similar to the response to hormone injection but that 
a difference in timing is apparent. In the case of the animals receiving only 
hormone, the highest frequency of Class III nuclei is reached at 48 hours following 
the initial injection. After irradiation, on the other hand, the peak frequency is 
not attained until 60 hours after exposure. Moreover, following irradiation, the 
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60- and 72-hour frequencies are rather similar to the corresponding values for 
animals receiving hormone alone. 

It should be recalled that the frequency of Class III nuclei most probably 
represents a balance between the rate of chromosomal reduplication and the rate 
at which nuclei enter into prophase of mitosis. From this it would follow that 
the rise in frequency of Class III nuclei very probably is an indication of increased 
synthesis following hormonal stimulation. By the same token, the slower rise in 
frequency noted in the irradiated material suggests that in such material the 
synthetic rate responds less rapidly to the hormonal stimulus. The present data 
then may be interpreted to mean that irradiation does interfere with the synthetic 
mechanism of these hormonally stimulated tissues. 

The data pertaining to the dorsal prostate showed little change from the control 
level until the 48-hour period. At this time the frequencies of Class III nuclei 
following irradiation and/or hormone were 8% and 16%, respectively. At 60 
hours, the frequency of such nuclei in the sample from irradiated material had 
fallen to 4%, while the corresponding value for unirradiated material remained un- 
changed from the 48-hour level. At the termination of the experimental period 
(72 hours) the samples measured contained no Class III nuclei regardless of 
treatment. 

These cytophotometric data show that the response of the dorsal prostate is 
on a much lower level than that determined for the seminal vesicle. Just as in 
the case of the mitotic counts, the DNA-Feulgen data point up a response to the 
experimental treatments which is different from that shown by the seminal vesicle. 

As is the case with the mitotic counts, the DNA-Feulgen data show that the 
response of these somatic tissues to irradiation and/or hormonal stimulation is 
much more rapid than in the case of the spermatogonia. In the latter the frequency 
of Class III nuclei reaches its highest level (51%) at about 10 days following ir- 
radiation and thereafter declines rapidly to about 5% of the sample at 28 days. 
These data when considered along with the corresponding mitotic counts indicate 
a rapid utilization of Class III nuclei during the regenerative period. From the 
present DNA-Feulgen data it may be seen again that a situation analogous to the 
spermatogonial one presents itself but over a much shorter period of time. 

The mitotic index determinations and the DNA-Feulgen data taken together 
allow the interpretation that hormonal stimulation of mitotic activity does not, in 
these organs, become markedly effective until 48 hours after the initial injection. 
Furthermore, the data prior to the 48-hour period lend themselves to the conclusion 
that mitotic activity is very closely correlated with the rate of chromosomal re- 
duplication (formation of Class III nuclei). It would also appear that by 48 hours 
the rate of chromosomal reduplication is beginning to run ahead of mitotic activity 
and, with respect to the seminal vesicle, that this “imbalance” is maintained to a 
lesser degree for the duration of the experimental period. With respect to the 
dorsal prostate similar conclusions may be drawn with the notable distinction that 
over the period of 48 through 72 hours the “balance” has again changed in a manner 
such that, at the termination of the experiment, the close correlation evident 
earlier has been restored. 

The results reported here lead to the conclusion that exposure to a similar dose 
(320 r) of x-rays is much less effective in inhibition of mitosis in these tissues 
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(under conditions of hormonal stimulation) than in the case of the spermatogonia. 
The DNA-Feulgen data may be interpreted to mean that, following irradiation, 
DNA synthesis suffers some impairment but recovers in a relatively short period 
of time. The demonstrated mitogenic action of testosterone propionate may have 
in some manner interfered with, or masked, the inhibiting action of the irradiation. 
Such an idea receives some support from the work of Rugh and Clugston (1954). 
These authors found that the stage of the oestrus cycle (at the time of irradiation) 
affected the radiation sensitivity of female mice. They found that females in 
dioestrus were about twice as sensitive (in terms of the male LD 50/30 days—625 r) 
to the irradiation as were females in oestrus. Thus an increased level of oestrogen 
appears to be correlated with increased resistance to x-irradiation. The same may 
be true also for androgens, especially so since both classes of steroid hormones 
elicit similar responses in experimental animals (see Bullough, 1952 

The present results, together with our earlier data (mouse testis), not only 
imply that the male germ line may differ from somatic tissues in its response to 
irradiation, but also that somatic tissues may differ from one another in this 
respect. At the present time it would appear that differences between the tissues 
studied are mainly ones of degree and rate of response. However, the findings of 
Pele and Howard (1956) point out the possibility that somatic and germinal tissues 
may also differ in their metabolic pathways. Until more biochemical and cytological 
information is at hand the precise nature of these differences must remain an open 
question. 


SUMMARY 


1. The accessory organs of castrated male rats have been used in a study of 
the effects of x-rays on mitosis in somatic tissues. 

2. Animals nine weeks old were castrated and the organs allowed to regress 
for 20 days prior to use. Half the animals received daily injections of 500 yg of 
testosterone propionate (in oil) until death; the others, in addition to the hormone 
injections, were exposed to a single dose of 320 r of x-rays, the irradiation being 
given at the time of the first hormone injection. Pairs of animals were killed at 
24, 48, 60 and 72 hours following the irradiation and/or initial hormone treatment. 

3. The response to the treatments was followed by means of mitotic index 
determinations and cytophotometric measurements of the DNA-Feulgen content 
of interphase nuclei. 

4. The cytological data indicate the existence of a difference in response be- 
tween the epithelium of the seminal vesicle and of the dorsal prostate. At no time 
during the experiment did the mitotic activity of the latter rise to levels char- 
acteristic of the former. In addition, the time-response curves for the two organs 
indicate that the dorsal prostate responds more slowly than the seminal vesicle. 

5. The DNA-Feulgen measurements together with the mitotic index data 
indicate that in the controls and in the experimental animals killed prior to 48 
hours there is a close correspondence between the level of mitotic activity and the 
rate of chromosomal reduplication. Over the period of 48-72 hours in the case of 
the dorsal prostate the data show that, during the time of maximal hormonal stimula- 
tion, DNA synthesis is proceeding at a rate appreciably faster than the rate at 
which nuclei enter into prophase. 
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6. The results obtained have been compared with those obtained from a similar 
experiment involving the mouse testis. The accessory organs appear to be less 
sensitive to the irradiation than the testis. Factors bearing on this point are 
discussed. 
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ANNUAL REPRODUCTIVE CYCLES OF THE CHITONS, 
KATHERINA TUNICATA AND MOPALIA HINDSII? 


A. C. GIESE, J. S. TUCKER AND R. A. BOOLOOTIAN ? 


Hopkins Marine Station of Stanford University, California 


The reproductive season of marine invertebrates has been determined in a 
variety of ways: spawning, the appearance of young in plankton, increase in size 
of gonad relative to the body, and development of ripe gametes (see Giese, 1959, 
for reference). In most cases an annual reproductive season has been observed, 
but many species breed more than once during the season, some showing a monthly 
rhythm (Korringa, 1947). Data on reproductive seasons of marine invertebrates 
are still not extensive and the problems posed are numerous. It is desirable that 
data on many more species be gathered to gain a better perspective. This paper 
records observations on reproduction in two species of chitons, Katherina tunicata, 
an intertidal form, and Mopalia hindsti, a pile dweller. 


METHODS 


Ten specimens of Katherina were gathered monthly from the mid-littoral zone 
of Carmel Point during 1954-55 and from the same zone at Yankee Point during 
1956-58, in each case from rocks in the Postelsia and mussel zone exposed at low 
tide. The specimens at Carmel Point were larger but the population was sparser, 
and perhaps less representative than that at Yankee Point. The sample from 
Yankee Point was therefore selective inasmuch as very small specimens were avoided 
(weights: 1957, 16-44 gms.; 1958, 11-53 gms.) 

Ten specimens of Mopalia were obtained during monthly low tides from the 
pilings at Monterey harbor. The population in this region is unusual in that the 
specimens are preponderantly large and not too numerous, therefore the samples 
may not be truly representative of the species (weights: 1957, 14-73 gms.; 1958, 
16-65 gms.). However, this species was not found in other accessible environments 
in sufficient numbers for sampling. 

Each chiton was weighed, the foot removed and the animal eviscerated, per- 
mitting easy removal of the gonad. The gonad volume was determined and the 
gonad index (the volume of the gonad is divided by the weight of the animal and 
multiplied by 100) determined. 

To determine whether any striking changes in the content of nutrients oc- 
curred in the blood during the course of the reproductive cycle of Katherina, the 
reducing sugar, protein and non-protein nitrogen were determined monthly in 
samples of blood. For this purpose the blood of from ten to twenty individuals 


4 Supported in part by U.S.P.H. Grant 4578 to A. C. Giese. We are indebted to Mrs. M. 
Lusignan, Mr. G. Araki, Mr. J. Bennett, Mr. A. Farmanfarmaian, Dr. A. T. Giese and Mr. 
John Schmaelzle for cartographic, statistical and sampling help. 

2 Now at the Department of Zoology, University of California at Los Angeles. 
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Figure 1. Top: Reproductive cycle of Katherina tunicata for 1955 as determined by the 
gonad index. The gonad index is the ratio of gonad volume to wet weight of the entire 
animal times 100. The specimens were collected at Carmel Point, California. The dots 
indicate the means and the lines, the 95 per cent confidence limits. Lower three graphs show 
variation in reducing sugar, protein and non-protein nitrogen in the population samples used 
for gonad analyses 
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had to be pooled because a single animal does not have enough for analysis, a 33- 
gram animal giving only several milliliters of blood. Blood samples were obtained 
from the lateral sinuses following puncture through the mantle cavity on either side 
of the animal. The blood is a yellowish fluid which was not observed to coagulate 
although it showed some murkiness on standing, suggesting a feeble clumping of 
the blood corpuscles. 

Reducing sugar was determined by the anthrone method (Seifter et al., 1950) 
after precipitating the proteins with 10 per cent trichloracetic acid. Non-protein 
nitrogen was determined with the micro-Kjeldahl after precipitating the protein, 
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Figure 2. Reproductive cycle for Katherina tunicata during 1957 and 1958 as determined 
by gonad index. The specimens were collected at Yankee Point, with the exception of points 
marked C which came from Carmel Point and those marked P which came from Pescadero 
Point. 


and total nitrogen was determined by the same methods, without the preliminary 
addition of protein-precipitating agents. Protein was taken to be the difference 
between these two volumes multiplied by 6.25. 


KATHERINA TUNICATA 


For each of the three years during which Katherina was studied an annual 
reproductive cycle was found. It is most clear-cut for the year 1954-55 (the 
population collected at Carmel Point) as shown in Figure 1. It is less distinct 
for the collections at Yankee Point during the years 1956-57 and 1957-58, the 
gonad index being high for several months preceding the spawnout, as shown in 
Figure 2. The difference in sharpness of the cycle at the two locations may be 
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the result of a more homogeneous population of large animals at Carmel Point. 
A comparison of the gonadal index for random specimens from both localities 
during the same year is desirable. 

During the height of the season males are easily distinguished from females by 
the color of the gonad, which is greenish in the female (the eggs being green) and 
very light in the male (the sperm being white). However, it is not possible to 
distinguish the sexes of individuals from spawned out gonads, but the shell gland 
of the female is always diagnostic of sex even in a spent female. When minute 
spherical eggs begin to develop as a new cycle comes into prospect, diagnosis from 
gonads is again easy. Statistical analysis of the 1954-55 data showed no essential 
difference in the time of onset in maturity of testes and ovaries in males and 
females; therefore the data for both sexes were combined. It was, however, 
noted that the gonad index of males appears to be slightly higher than that of fe- 
males at the height of the season and lower than that of the females during the 
decline of the season. The 95 per cent confidence limits for the pooled males and 
females given in Figure 1 indicate that the entire population of animals is relatively 
homogeneous, since the confidence band is never very wide. 

The data for almost two years of the breeding cycle for the same population 
at Yankee Point, given in Figure 2, indicate that the cycle varies somewhat from 
year to year. After slowly spawning during the months of March, April, May 
and June of 1958 the gonad index again rose, suggesting minor ripples in sexual 
activity or a second active period because of favorable conditions in the area. During 
this second cycle the gonad index rose significantly from 5.5 on June 9 to 8.9 on 
July 9 then fell precipitously to 1.9 on July 18 of 1958. 

It is interesting to note that the populations sampled at three stations on July 
17 and 18 showed different average gonad indices: 6.8 at Carmel Beach, 3.6 for 
Pescadero Point, and 1.9 for Yankee Point. This indicates that the exact time of 
spawning is probably in part determined by the geographical and ecological location. 

Two findings are similar for the three years of data available; 1) in all cases the 
chitons have small shrunken gonads late in July, and 2) the gonads remain shrunken 
during the late summer, fall and early winter. In the months after the beginning 
of winter the gonads grow rapidly and gametogenesis occurs. The reproductive 
cycle therefore consists of several months of stasis, several months of growth, 
several months during which the gonads are ready for spawning, and probably 
several periods of spawning. MacGinitie and MacGinitie (1949) report that 
Katherina lays eggs in the Monterey Bay area in July while Hewatt (1938) 
reports it spawning in the same area in May, and Rickets and Calvin (1948) 
say it spawns in Puget Sound a month or two earlier. 

Attempts to study breeding and spawning of Katherina in the laboratory did 
not prove successful since often the animals crawled out of the tanks to dry loca- 
tions, and even though periodically submersed, they deteriorated. They did not 
seem to eat while in the laboratory although red and brown algae were provided 
and a scum of diatoms was always present on the surface of the aquaria. 

In its natural environment Katherina feeds upon diatoms and upon algae, since 
the pellets in the gut of animals sampled consisted of partially digested algae of 
various kinds, including brown and red algae. In other cases the gut was filled 
from end to end with diatoms and skeletons of diatoms. Apparently the chitons 
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eat what is readily available to them and are always found within reach of algae. 
Katherina does not move out of the sunlight, remaining on the upper surfaces of 
the rocks during low tide. It is therefore subjected to and weathers all the changes 
in conditions which obtain during low tide.* Most chitons have tegmental aesthetes 
or “shell eyes” which enable them to perceive the light. These are absent in 
Cryptochiton and may be of less importance in Katherina in which much of the 
shell is covered by tissue (Crozier, 1921). A variety of other organisms are 
found growing upon Katherina. These include occasional barnacles, coralline 
algae, and colonial animals such as bryozoans and hydroids, all of which anchor to 
the skeletal plates. The overgrowth by algae and various colonial animals in- 
dicates the sessile nature of the animals and their tendency to remain on the upper 
surface of the rocks. 

The nutrients in the blood of Katherina vary during the year (Fig. 1). The 
most prominent constituent of the blood is protein which is always present in large 
amounts, varying from about 180 to 240 mg. per cent. The lowest values of blood 
protein appear to coincide with the highest gonad index. The non-protein nitrogen 
of the blood is small in amount, reaching a maximal value of about 12 mg. per cent 
and falling to almost zero when the gonad is increasing most rapidly in size. Re- 
ducing sugar is present in rather small amounts from almost zero to about 11 mg. 
per cent. A single determination of the blood constituents therefore has little 
meaning as a value for the species since the constituents vary so much in amount 
from month to month. The variations in blood constituents in Figure 1 may 
possibly be correlated with the breeding season. Similar variations in content of 
organic constituents of the body fluid of echinoderms (Bennett and Giese, 1955), 
and in the blood of a number of species of crabs (Leone, 1953) have also been 
documented. It would be interesting to know whether the blood of marine in- 
vertebrates is generally so variable. 

A certain amount of organic material is stored in the foot, the gonads and the 
hepatic gland. It is clear from preliminary tests that neither the digestive gland 
nor the foot has much glycogen, although almost 0.1 per cent wet weight of the 
soft tissue of the animal consisted of glycogen (0.83 per cent of the dry weight). 
Lipid seems to be more important than glycogen as a storage material. Detailed 
studies on these constituents are under way. 


MoPALIA HINDSII 


Mopalia hindsii is listed by MacGinitie and MacGinitie (1949) as an estuarine 
form which is often found on pilings. They have found some specimens as large 
as 10 centimeters long and 7.5 centimeters wide. The animals used in this study 
were usually smaller than the maximum, being generally about 8.0 centimeters long 
and 5.5 centimeters wide. Specimens from the pilings in Monterey Harbor were 
covered by a forest of bryozoans, hydroids, and a multitude of larval crustaceans, 


3 Heath (1899, 1905) found that many of the chitons are highly sensitive to sunlight and 
creep into crevices, and that one species, /schnochiton magdalenensis, even buries itself in the sand 
with the approach of day. Katherina tunicata and Cryptochiton stelleri are among the few 
species which remain exposed during the bright daylight. Mopalia hindsti, it is true, remains 
on the inner pilings at Monterey Harbor during the day, but this is an environment of rather 
attenuated light. 
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nemerteans, roundworms, annelid worms, and protozoans (including the large 
ciliate Condylostoma). This association is common to this species (MacGinitie 
and MacGinitie, 1949). Shells of Mopalia are often weakened by a boring worm 
(Tucker and Giese, 1959), probably of the family Spionidae. 

The intestinal contents of the specimens studied were filled with skeletons of 
bryozoans and other organisms which grow on the pilings which they inhabit. 
Mopalia was generally absent from the outer pilings where the light is sufficient 
for a relatively abundant growth of algae and were more numerous in the darker 
regions where bryozoans, hydroids, anemones, and starfishes occurred. 
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Ficure 3. Reproductive cycle of Mopalia hindsti during 1957 and 1958 as determined by 
gonad index. Specimens collected on pilings in Monterey Harbor. 


A definite annual reproductive cycle is observed for Mopalia (Fig. 3). Breed- 
ing, as indicated by enlargement of gonads with development of eggs and sperm, 
occurs in the late fall and winter, approximately from October to February or 
March. That it was somewhat different each year is indicated by the data in 
Figure 3. 


DISCUSSION 


A number of previous workers have described the breeding habits of various 
chitons (Heath, 1899, 1905; Grave, 1922; Stephenson, 1934; Costello et al., 1957). 
Grave (1922) found that Chaetopleura apiculata spawns at ten-day intervals during 
the months of June, July and August at Woods Hole, the activity declining in the 
intermediate periods (for other references, see Costello et al., 1957). Spawning 
in this species occurred during the night and is possibly associated with phases of 
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the moon (Korringa, 1947). Stephenson (1934) found that Acanthozostera 
gemmata bred in the Great Barrier Reef of Australia from September to April, 
spawning occurring every four weeks during the breeding period, associated with 
phases of the moon. After April it entered a prolonged resting period. 

Heath (1899, 1905) made many excellent observations of the breeding activities 
of chitons in nature. He observed J. magdalenensis breeding in the Monterey area 
in May and June, in the latter month over a considerable length of the coastline in 
the area. Hewatt (1938) also observed the same species breeding in June, but 
found Mopalia muscosa breeding in September. Heath (1899, 1905) found that 
chitons of the Monterey area do not breed in captivity. 

Heath (1905) also observed that isolated males of J. magdalenensis and Mopalia 
lignosa spawn, but isolated females do not. However, females placed with males in a 
tide pool spawn soon after the males have spawned, suggesting chemical stimulation. 
This observation confirms similar observations by Metcalf (1892) on Chiton 
squamosus and C. marmoratus (see also Crozier, 1922). Heath observed shedding 
and egg laying in /schnochiton mertensii, I. cooperi, M. muscosa and K. tunicata 
in large pools isolated by low tides. The males began shedding when the waters 
became tranquil after recession of the tide and stopped shedding when disturbed 
by water movements. Shedding sometimes continued for as long as two hours, 
steadily or in spurts. He bred some chitons in isolated pools and grew them to 
maturity. Young K. tunicata isolated in pools near mean tide mark grew to 25 mm. 
in length in one year and reached their average length of 55 mm. in three, a rapid 
rate of growth characteristic of other species of chitons as well. 

The two species of chitons discussed in this paper, K. tunicata and M. hindsii, 
show a distinct breeding season which, while similar from year to year, is sufficiently 
distinctive each year to indicate that it is not closely tied to day-length or some other 
factor invariant from year to year, but rather is subject to action of various local 
factors. The local variation in reproductive state found in one collection at three 
different stations in the Monterey area (Yankee Point, Pescadero Point, and 
Carmel Point) during early July, 1958 indicates how important to the breeding 
cycle are the small differences in the ecology of the three environments. 

The most curious feature of breeding in the two species of chitons studied here 
is the reciprocal nature of their breeding seasons, Katherina breeding in the summer, 
Mopalia in the winter. This resembles the pattern described for the crab Pach- 
ygrapsus crassipes which breeds in the summer, while Hemigrapsus nudus, another 
grapsoid crab of similar habits and nature, breeds in winter (Boolootian et al., 
1959). It would be valuable to ascertain what factors trigger the sweep of the 
reproductive cycles at a period approximately six months apart in the two species 
of chitons. Other cases of this type are known but in no case has an adequate 
experimental analysis of causal mechanism yet been made (Giese, 1959). 


SUMMARY 


1. The reproductive cycles of two species of chitons, Katherina tumicata and 
Mopalia hindsii, collected in Monterey Bay are recorded, the first for three years 
and the second for two. 

2. Katherina breeds in the summer, Mopalia in the fall and winter. 
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3. In each case the gonad index (ratio of gonad volume to body weight times 
100) rises gradually and falls rather precipitously as spawning occurs. Differences 
in onset of breeding occurred during the years for which records are available, 
suggesting timing of events by local conditions. 

4. Blood protein, non-protein nitrogen, and reducing sugar vary during the 
year but it is not clear whether these variations are significantly correlated with 
reproductive condition. 
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A STUDY OF THYROID FUNCTION IN FUNDULUS 
HETEROCLITUS*? 


PATRICIA J. HARRIS 8 


The Bingham Oceanographic Laboratory and the Department of Zoology, Yale University, 
New Haven, Connecticut 


The role of the thyroid gland in regulating the metabolic rate, and its effect on 
growth and other physiological functions in higher vertebrates have been well 
established, but in fish, despite the many studies using anti-thyroid drugs, thyroxine, 
thyroid extract, and thyrotropin, its function is still obscure. The diffuse nature 
of the thyroid gland of most teleost fishes has rendered the study of its function 
extremely difficult; surgical removal is impossible except in a very few species 
where the gland is encapsulated, and the use of anti-thyroid drugs introduces dis- 
advantageous collateral effects (reviewed by Chambers, 1953). The availability 
of radioactive iodine has now made possible a new technique for the extirpation of 
the thyroid gland, especially suited to one of diffuse nature as found in these fish. 
La Roche and Leblond (1954) were the first to investigate the problem of radiation 
thyroidectomy in fishes. They found that total destruction of the thyroid in salmon 
(Salmo salar L.) required repeated injections of large, but progressively down- 
graded doses of I***. Fish weighing 30-32 grams at the start of the experiment 
received 100, 50, 40 and 30 uC at the rate of one dose per month. Arvy, Fontaine 
and Gabe (1956) also used a series of injections, but only claimed to have achieved 
a state of hypothyroidism in rainbow trout (Salmo gairdneri Richardson). They 
gave a total dose of 260 uC in three injections at 30-day intervals, to fish weighing 
about fifty grams. More recently, Fromm and Reineke (1957) have reported 
successful destruction of the thyroid after a single injection of 250 uC to fingerling 
trout weighing 3.8-6 grams. In an abstract, which has not been reported in detail, 
Baker, Berg, Gorbman and Gordon (1955) described the effects of partial or 
complete thyroid destruction in platyfish by the addition of 4.5-7 uC of I'* to 
200 ml. of aquarium water. The period of exposure was 24-48 hours, but more 
complete destruction resulted from the longer treatment. Fontaine, de la Querriére 
and Raffy (1957), in a study of the respiratory metabolism of hypophysectomized 
eels, noted a fall in the oxygen consumption 48 hours after the injection of 334 wC 
of I*** into fish weighing about 70 grams. This was followed by a gradual return 
towards normal over a period of several weeks. Olivereau (1957) has discussed 
the problem of dosage, tissue damage, and regeneration of the thyroid in eels 
treated with radioactive iodine. 

In this study Fundulus heteroclitus was chosen as an experimental fish, not 


1 Supported by National Science Foundation Grant No. G941 under the direction of Dr. 
Grace E. Pickford, principal investigator. 

2 Part of a thesis submitted to the Department of Zoology, Yale University, in partial 
fulfillment of the requirements for the degree of Master of Science. 

8 Present address: Department of Zoology, University of California, Berkeley 4, California. 
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only for reasons of its hardiness and availability, but since it is a euryhaline species, 
it afforded the opportunity to study the possible role of the thyroid in water and 
salt regulation. Following an initial pilot experiment to determine the dosage 
of I*** necessary for thyroidectomy, the following experiments were designed to 
study the physiological effects of thyroid deficiency on growth and ability to 
osmoregulate, as well as effects on other organs and tissues that might possibly 
be dependent on thyroid function. 


MATERIALS AND METHODS 


The fish used were Fundulus heteroclitus males of about 7.5 cm. in length, 
caught in the New Haven area in August, 1956. They were placed in storage 
tanks kept at 20° C. for two months before use, at which time they were measured, 
numbered, and selected for uniformity of weight of approximately five grams. 
The results of the previous experiment to determine dosage indicated that dosage 
levels somewhat lower than 10 wC/gm. wt. spaced over a period of several months 
would be the most effective procedure for destroying the active as well as the 
initially inactive follicles. Accordingly, in this experiment a series of graded doses 
was given, 25, 15, and 10 uC, spaced about five weeks apart. Thus, with five-gram 
fish, the doses were approximately 5, 3, and 2 uC per gram weight of fish. 

On October 23, the thirty-six fish selected for I'** treatment were given a dose of 
5 wg per fish of thyrotropin (Armour 317-51) ; on the following day they were given 
the first injection of I***, 25 wC per fish in a volume of .05 ml. The injected fish were 
placed in five-gallon wide-mouth carboys provided with aeration and means for feed- 
ing and changing water without handling the fish, and after eight days they were 
returned to their regular aquaria. On November 27 the second dose of iodine 
was given, 15 wC per fish, with an injection of 5 yg of thyrotropin given two days 
before. The third iodine injection of 10 »C per fish was given on January 4, 1957, 
following the usual dose of thyrotropin. These fish were subsequently screened by 
the tracer method described below, and those showing the greatest impairment of 
thyroid activity were set aside for further experiments. The fish were anaesthetized 
with tricaine methane sulfonate (MS 222) for injections and later screening opera- 
tions. 

The fish were fed once daily with Aronson’s formula fish food, consisting of a 
cooked mixture of ground beef liver, kidney, greens, dried shrimp, and Pablum. 
The temperature in all tanks was kept at 20° C. and illumination was ten hours 
per day. 


Experimental setup for osmoregulation studies 


To study the physiological effects of hypothyroidism following direct transfer 
of fish from sea water to fresh water, it is necessary to maintain tanks with sea 
water of constant salinity as well as several with running fresh water. A small 
circulating sea water system of simple design was used, with a 55-gallon polyethylene 
reservoir drum feeding by gravity into the aquaria, the overflow draining through 
a filter, and subsequently returned to the reservoir by means of a hard rubber 
pump. The salinity of this system was kept at 26 %o, with a pH of 7.5 and 
oxygen content of 4.28 ml./liter. 
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A dechlorinating system for tap water similar to that described by Burden 
(1956) was the fresh-water source. The pH was 6.9, oxygen content 5.46 ml./liter, 
and a flow rate of 350-400 ml. per minute was maintained in each of the tanks. 


Autopsy procedures 


All fish which died during the iodine treatment or prior to the osmoregulation 
experiment were autopsied to determine the possible causes of death, and the 
thyroids were fixed in Bouin’s for histological examination. At the termination of 
the osmoregulation experiment, the remaining fish were autopsied, measurements 
of standard length, weight, and testis weight were made, the thyroid was fixed in 
Bouin’s, and blood samples were taken for hematology and chloride titration, as 
described below. 


Hematology 


Red and white cell counts, thrombocytes, and per cent hemoglobin were de- 
termined on blood samples which were allowed to drop on siliconized slides from 
the cut end of the tail. Heparin was used on the razor blade. The procedures will 
be described elsewhere by Dr. Anne M. Slicher, who made this study. 


Blood chloride 


Blood chloride determinations were made using a micro-adaptation of the method 
of Schales and Schales (see Hawk, Oser and Summerson, 1954). Whole blood 
was collected from tail cuts, centrifuged in an air-driven “spinning top” rotor, and 
48-ul samples of serum were pipetted into titration vessels, closed with paraffined 
corks and frozen. Before titration the samples were diluted with 42.6 ul of distilled 
water to which indicator had been added (3 ml. stock indicator/50 ml. solution). 
It was found necessary to add about six drops of 2.0 N HNO, to the 50 ml. of 
diluted indicator in order to release the bound chloride in the sample. 

To check the accuracy of the method, standard human serum (Hyland Lab- 
oratories, Los Angeles, lot 369E6) with known NaCl was titrated, using the same 
amounts and procedures as with the fish preparation. The standard contained 
344 mg% with an acceptable range of 533-555 mg%. The test titrations gave a 
value of 549 mg%, well within the range. 


Screening method for determining degree of thyroidectomy 


Although all fish were ultimately examined histologically to determine the 
degree of thyroidectomy, it was desirable to know how effectively the thyroid had 
been destroyed before using the fish for experimental purposes. Thus a method 
using a tracer dose of I*** to measure the rate of activity loss in the throat region 
was worked out and a device was designed to hold the fish over a Geiger counter 
so that comparison readings could be made between normal and treated fish. 

A lead block was cast around the mold of a fish to serve as shielding, as well 
as a holder for the experimental fish. A hole was drilled through the bottom of 
the block to connect with the thyroid region of the fish, and the block was mounted 
on a wood frame so that the opening coincided with the 44-inch end window of a 
Geiger-Miiller tube (Mark 1, Model 105. Radiation Counter Laboratories, Inc., 
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Ficure 1. Counter arrangement for measuring activity of thyroid area. 


Skokie, Ill.). Lead shielding was found to be necessary around the tube, and 
its photosensitivity was obviated by cementing a thin plastic film over the opening 
in the bottom of the block and coating with “Aquadag” (see Fig. 1). 

A series of trial injections of I*** indicated that a dose of 2.5 wC per five-gram 
fish gave an adequate counting rate, and since this was also in line with tracer doses 
used by Gorbman and Berg (1955) and others, it was subsequently used in this 
screening procedure. 


RESULTS 
Histological studies of the thyroid 


Following fixation in Bouin’s solution at the time of autopsy, the thyroid regions 
of the experimental and control fish were examined histologically to determine the 
degree of thyroidectomy. Serial sections were made through the entire region, 
and an evaluation was made based on the relative number of follicles present, the 
height of the epithelial cells, and amount of colloid, in relation to the control fish. 
Few of the treated fish showed a total lack of follicles, but it was interesting to 
note that these fish, and others with very few follicles, did not survive to the end of 
the experiment. There was a great range in the amount of thyroid tissue present. 
However, while some fish showed evidence of considerable regeneration, in the 
majority of fish regeneration was present to a much lesser extent, and on the 
whole they could be considered markedly hypothyroid. 


Uptake of a tracer dose of I*** in hypothyroid and control fish 


The most promising means of evaluating the tracer data appeared to be a simple 
comparison of rate of activity loss in the thyroid region of the treated (hypothyroid) 
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fish with that of the controls. In the first of two groups run to test the screening 
method, the initial readings were made four hours following the injection of I**. 
In the hypothyroid fish, the counting rate ranged from 193 to 398 counts per 
minute, with a mean of 297 counts per minute. The controls ranged from 231 to 
465 counts per minute, with a mean of 345. Since there was already a drop in the 
activity in the hypothyroid fish, as compared with the controls, a second group of 
fish was screened in the same manner, but taking the initial reading at one and a 
half hours, rather than four. Here the range in the hypothyroid fish was 313 to 
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Ficure 2. Activity loss in control and treated fish following a tracer dose of 2.5 uC of I™. 
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447 counts per minute, with a mean of 383. The controls ranged from 315 to 507 
counts per minute with a mean of 385. However, in both groups the subsequent 
readings on each fish were converted to percentage of its initial reading, the best 
way to take into account the variations between individual fish resulting from weight 
differences, thyroid activity, or unavoidable variations in dose. 

While the activity of hypothyroid fish dropped immediately, the activity of the 
controls continued to increase for several hours before beginning to drop off. 
The peak appears to be around three to four hours following injection. The two 
sets of curves show essentially the same pattern: the hypothyroid fish losing 
activity quite rapidly while the controls lose it at a much slower rate (see Fig. 2). 
The mean values of the retained activity in the treated and control fish showed 
the greatest difference three days following the injection of the tracer dose; thus in 
the following screening of treated fish, the activity on the third day, as per cent 
of initial uptake, was the basis on which evaluation of thyroid destruction was made. 

















TABLE I 







Blood chloride of hypothyroid and control fish kept in sea water 
and fresh water for 17 days 














Group No. Range, gm. Mean s 








.730—.862 792 045 






Sea water hypothyroid 7 

Sea water controls 6 .731-—.875 .804 055 
‘ Fresh water hypothyroid 7 432-.743 .655 113 

Fresh water controls 6 .579-.751 .683 .068 







Those treated fish whose activity approached or exceeded the mean activity of the 
controls were not used in later physiological experiments. However, all fish were 
subjected to a histological examination of the thyroid region following autopsy, 
and a comparison of the histological picture with the tracer readings was made. 











Survival in fresh water 





The experiment on osmoregulation was to have continued for six weeks following 
the abrupt transfer of the experimental fish from sea water to fresh water. How- 
ever, after two weeks, three of the sea water hypothyroid fish had died, and three of 
the fresh water hypothyroid fish appeared very ill, showing such symptoms as 
tremors and difficulty in breathing. While these reactions occurred only among 
the treated fish and appeared to be a result of hypothyroidism, the occurrence of a 
sick fish among the sea water controls raised the possibility of some sort of infection, 
and the experiment was ended before any more fish succumbed, seventeen days after 
the transfer to fresh water. 

Although the difference in salinity, per se, did not appear to influence survival, 
there was a definite correlation between the degree of thyroidectomy (based on 
histological evaluation) and survival in either fresh or salt water. Seven fish 
which died either before or during the experiment, had either no visible follicles, 
or extremely few. 
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Blood chloride 


All fish in fresh water showed a definite drop in blood chloride (about 24 per 
cent), but within each group (i.¢., salt and fresh water) there was no significant 
difference between the hypothyroid and control fish (see Table I). 


TABLE II 


Growth of treated and control fish during nine months following 
the beginning of I'* treatment 





; | : , 
Group Length incr. % . | Weight incr. % s 
| 





Hypothyroid 11.71 3.9 54.66 23.1 
Controls 13.02 7.0 | 57.74 29.9 





Growth 


Since there was no increase in length, but a significant weight loss during the ex- 
periment on osmoregulation, the readings used for growth measurements were those 
taken at the beginning of the I*** injections (October 13, 1956) and at the beginning 
of the osmoregulation experiment (July 3, 1957). The results show no significant 
difference in growth rates, either in length or weight, between the hypothyroid fish 
and the controls (see Table IT). 


TABLE III 


Gonadosomatic index of hypothyroid and control fish kept in sea 
water and fresh water for 17 days 








Group GSI s GSI (comb.) 





Sea water hypothyroid 

Fresh water hypothyroid | 2.14 
Sea water controls 2.51 
Fresh water controls 


Effect on other organs or tissues that may be dependent on thyroid function 


The gonadosomatic index (GSI = testis weight/body weight x 100), calculated 
for each group separately, as well as for the combined hypothyroid and combined 
controls, showed no significant differences between any of the groups (see 
Table III). 

Differences in the blood picture were to be found in the combined groups of 
sea water and fresh-water fish, rather than between hypothyroid and controls. 
The greatest difference appeared in the hemoglobin, with the sea water fish showing 
somewhat higher values. There was also a slightly higher red cell count in the 
sea water fish. The white cells showed a very puzzling drop in the sea water 
hypothyroid group, which cannot be accounted for. The thrombocytes show no 
significant differences (see Table IV). 
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TABLE IV 


Hemoglobin titers, red cell, white cell and thrombocyte counts of hypothyroid and 
control fish kept in sea water and fresh water for 17 days 


Group % 8 RBC* s TBC § Thromb. 
S.W. hypothyroid 11.3 4.32 .69 es ; 12.7 
F.W. hypothyroid 55 11.4 4.11 .54 .92 3.5 12.6 
S.W. controls . 7.9 4.64 .83 é k 3. 14.0 
F.W. controls . 13.6 4.51 .86 2 oe 14.2 


* RBC in millions, WBC in 1000's, Thrombocytes in 10,000’s. 


DISCUSSION 


Osmoregulation 


There is good evidence to support the idea that the thyroid gland plays some 
role in the salinity tolerance of fish. It is well known that many species of fish 
show an activated thyroid gland during spawning migration from the sea to fresh 
water; experimental work of Olivereau (1948) and Leloup (1948) on several 
species of marine teleosts has shown that there is a strong activation of the thyroid 
gland with decreasing salinity of the medium; Fontaine and Callamand (quoted by 
Fontaine, 1956) have shown that thyroxine injections increase the survival time 
of several marine fish when transferred to fresh water. Thus it was of interest to 
test the salinity tolerance of hypothyroid fish, in terms of survival time and blood 
chloride concentrations. 

Survival time, however, proved to be a function of degree of thyroidectomy, 
rather than of the salinity of the medium. Almost all of the treated fish which died 
during the course of the experiment were those with no follicles, or extremely few. 

The blood chloride concentrations were obviously a function of the salt con- 
centration of the medium. All fish in fresh water showed a definite drop in blood 
chloride (about 24 per cent) but there was no significant difference between the 
hypothyroid fish and the control fish. Burden (1956), on the other hand, found no 
change in blood chloride concentration of Fundulus kept in fresh water for eight 
days. Since the same method was used for the chloride determinations reported 
here, Burden’s higher results might be attributed to the difficulty in determining 
the end point when using non-deproteinized serum. Sex and season were the 
same, and variations attributable to such causes are excluded. However, Burden’s 
experiments were made at a lower temperature (15° C.) and this may have con- 
tributed to a slower period of adjustment to the new external environment. It is 
possible that there is a gradual chloride loss which was not detectable during the 
short period of time employed by Burden, although V. S. Black (1948) demon- 
strated a loss of body chloride in Fundulus heteroclitus transferred directly from 
sea water to fresh water, with a stable level of about 60 per cent reached after the 
fourth day. Bergeron (1956) has shown that Fundulus maintains a constant blood 
osmotic pressure in both salt and fresh water, confirming earlier work of Garrard 
(1935). It may be that the osmotic pressure is maintained by an exchange of 
carbonate ions for chloride, since the alkali reserve of the blood of marine fish is 
lower than that of fresh water species, and there is a relative decrease in the 
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bicarbonate ion when migrating eels are transferred to sea water (Drilhon and 
Florence, 1936; Fontaine and Boucher-Firley, 1934). Work of Koch and Heuts 
(1942) and Heuts (1943) showed that changes in serum osmotic pressure of 
mature sticklebacks transferred to sea water could not be entirely accounted for 
by changes in blood chloride. In this light, further experiments seem to be called 
for to determine the rate of blood chloride loss following transfer from sea water 
to fresh water, and the factors involved in maintaining osmotic pressure, with 
special emphasis on the alkali reserve. 


Other effects 

The hemoglobin and red cell counts, like the blood chlorides, indicate a de- 
pendence on the medium, with no apparent influence by the presence or absence of 
thyroid tissue. While the increased values found in the sea water fish may be 
accounted for by the lower oxygen content of that medium (see Prosser, Barr, 
Pinc and Lauer, 1957), or by an increased energy demand for fish in higher 
salinities, as found by Hickman (1958) in Platichthys stellatus, the starry flounder, 
the differences are small and cannot be considered significant. 

Other than the effect on survival, where the actual cause of death is unknown, 
there was no apparent effect of hypothyroidism on any of the physiological processes 
studied here. Growth rates were not affected by the hypothyroid condition, nor 
was there any effect on gonadosomatic index. 

The literature devoted to thyroid regulation of growth in teleost fishes is con- 
fusing. With the species Lebistes reticulatus alone, anti-thyroid drugs have been 
reported to retard growth (Hopper, 1950, 1952; Gaiser, 1952; Vivien and Gaiser, 
1952; Smith, Sladek and Kellner, 1953), while Fortune (1955) found no effect 
on growth in either Phoxinus or Lebistes (see Pickford and Atz, 1957). Possibly 
collateral toxic effects of the anti-thyroid drugs may be responsible for the retarda- 
tion of growth, and it is of interest that in salmon parr thyroidectomized with I** 
no effect on growth was found (La Roche and Leblond, 1954). Thyrotropin 
injected into hypophysectomized Fundulus was found by Pickford (1954) to have 
no effect in restoring growth, indicating that the thyroid at least has no direct 
effect on growth. However, in such fish, as in hypophysectomized rats, thyroid 
stimulation undoubtedly enhances the response to exogenous growth hormone 
(Pickford and Atz, 1957, p. 99). 

Data concerning the role of the thyroid in sexual maturation are no less 
conflicting than those on growth. However, studies with anti-thyroid drugs 
strongly indicate that the thyroid is instrumental in the maturation of the gonads 
(reviewed by Pickford and Atz, 1957). While Barrington (1954) and Fortune 
(1955) found that Phoxinus could reach sexual maturity despite treatment with 
thiouracil, it is possible that there was not complete inhibition of thyroid function, 
as in the work reported here, and that this minimal amount of hormone was sufficient 
to permit sexual maturation. 


Screening method 


_ There appears to be a considerable discrepancy between the evaluation obtained 
with the tracer technique and that from the histological examination, based on 
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apparent number and size of follicles and cell height. Since there was a time lapse 
of approximately three months between the time of tracer screening and autopsy, 
the most plausible explanation for the difference is the regeneration of thyroid 
tissue in that period. Olivereau (1957), in her work on radiothyroidectomy of 
eels, found that in fish of about 40 grams that had received a total of 1000 uC of 
I*** in three doses, functional thyroid tissue had already regenerated after two 
months, and seven months later she found complete absence of the thyroid in only 
three out of fifteen fish. It would thus be advisable to repeat the tracer screening 
just prior to autopsy. 


SUMMARY 


Thyroidectomy of Fundulus heteroclitus was attempted with the use of radio- 
active iodine, administered in three doses of 25, 15, and 10 wC per five-gram fish 
at intervals of five weeks. A screening method was developed whereby the de- 
gree of thyroidectomy could be determined by the rate of activity loss in the throat 
region of the fish following a tracer dose of I***. Thyroidectomy was not complete, 
and in some cases there was considerable regeneration. However, in general, the 
resulting condition was one of extreme hypothyroidism, and physiological studies 
conducted with these fish yielded the following results : 

1. There was no special effect on the fishes’ ability to survive in fresh water, 
although there seemed to be an impairment of their ability to survive at all, in 
either salt or fresh water. Deaths occurring during the experiment in general 
involved fish with very few follicles or no thyroid tissue remaining. 

2. Blood chloride titers were a function of the salinity of the medium and were 
not affected by lack of thyroid. 

3. Hemoglobin titers and red cell counts indicated an effect of the medium, and 
were not influenced by lack of thyroid. 

4. Hypothyroidism had no effect on growth, either in length or weight. 

5. Hypothyroidism had no effect on the gonadosomatic index. 
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PROTOPLASMIC MOVEMENT IN THE FORAMINIFERAN, 
ALLOGROMIA LATICOLLARIS; AND A THEORY OF 
ITS MECHANISM 
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Protoplasmic streaming in reticulopodia has been described by numerous in- 
vestigators, most of whom have commented on what an impressive phenomenon 
it is. One of the most detailed but condensed descriptions is that of Leidy (1879) 
who stated (pp. 279-280) : 

‘In the emission of the pseudopodal filaments of Gromia terricola, the protoplasm 
pours from the mouth of the shell in a slow manner, and gradually envelopes the 
body. . . .From the protoplasmic envelope delicate streams extend outwardly, at 
first emanating from the front; they more or less rapidly multiply and radiate in 
all directions. Gradually extending, they fork into branches of the utmost tenuity. 
Contiguous branches freely join or anastomose with one another, and thus establish 
an intricate net, which in its full extent covers an area upward of four times the 
diameter of that of the body of Gromia. The pseudopodal net incessantly changes, 
putting forth new branches in any position, while others are withdrawn, diminishing 
and disappearing in one spot, while it spreads and becomes more complex in 
another spot. 

“Gromia terricola, with its pseudopodal net fully spread, like its near relatives, 
reminds one of a spider occupying the center of a circular web. If we imagine 
every thread of the latter to be a living extension of the animal under the same 
control as its limbs, the spider would be a nearer likeness to the Gromia. Over 
each and every thread of the pseudopodal net, Gromia has a complete control as 
if the threads were permanently differentiated limbs acted on by particular muscles, 
and directed in their movements by nervous agency. Threads dissolve their con- 
nection and are withdrawn; new ones are formed and establish other con- 
nections; they bend; they contract into a spiral; they occasionally move like the 
lashing of a whip, and indeed produce almost every conceivable variety of motion. 
Not infrequently spindle-like accumulations of protoplasm occur in the course of 
the pseudopodal threads. Sometimes, through the conjunction and spreading of 
several of the latter together, islet-like expansions occur; and become centres of 
secondary nets. 

“The pseudopodal extensions of Gromia consist of pale granular protoplasm 
with coarser and more defined granules. The latter are observed to be in incessant 
motion along the course of the threads, flowing in opposite directions in all except 
those of greatest delicacy.” 

Another excellent description of foraminiferan movement was provided by 
Jepps (1942) for Polystomella. She described more or less the same activity 
described by Leidy for Gromia. In regard to the pseudopodia she states (p. 624) 
that they “wave about like minute feelers, bending, undulating, quivering, and 
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putting out side branches which meet and fuse and so establish the reticulum”. . . 
and that (p. 625) “The pseudopodia show a fairly high degree of stiffness; they 
extend in a straight line as a rule, and may stretch unsupported through the 
water for a distance at least two to three times as great as the shell diameter.” 
(The greatest shell diameter she mentioned was about 1.8 mm.) 

All of the above statements of Leidy and Jepps concerning streaming in Gromia 
and Polystomella are equally true of streaming in Allogromia laticollaris, and 
presumably apply to most, if not all, organisms with reticulopodial nets, with the 
exception that some species have been described as being much more active than 
others, but with no real differences described in the general type of protoplasmic 
activity, sometimes described as “filament streaming” (Fadchenstromung, Engel- 
mann, 1879). 

It has been recognized that the theory of flow caused by differential pressure in 
the plasmasol, which is so well accepted for Amoeba proteus and related genera and 
for Mycetozoa (reviews, Seifriz, 1942; De Bruyn, 1947; Bovee, 1952; Noland, 
1957; also Kamaiya and Kurodo, 1958), would not explain the streaming of 
Foraminifera. This was pointed out clearly by Sandon (1934) who recognized the 
significance of the fact that there is no tube of plasmagel and no evidence of sol- 
gel reversibility in the active pseudopodia, and stated that it was time for another 
explanation to be developed. Considerable doubt concerning applicability of the 
pressure differential theory was also expressed by Noland (1957). So far no 
detailed alternative theory has been proposed to explain the streaming in Foram- 
inifera, although the direction that such a theory should take was clearly pointed 
out by Noland (see below). 

The purpose of the present paper is 1) to extend the observations of Leidy, 
Jepps, and others on movement in reticulopodial nets, 2) to postulate an active 
shearing mechanism for this type of movement, based on observations by the 
present authors and by previous investigators and on recently discovered facts 
concerning the mechanism of muscular contraction, and 3) to discuss briefly the 
taxonomic implications of the existence of two basic types of protoplasmic move- 
ment in the Sarcodina. 

These two basic types of protoplasmic movement are: a) flow of plasmasol 
caused by differential pressure, which in turn is caused by contraction of a plasmagel 
cortex, and b) flow presumed to be caused by the newly postulated active shearing 
force between two adjacent oppositely moving gel-like filaments of protoplasm in 
the same pseudopod and in the absence of a typical plasmagel cortex. 

Allogromia laticollaris was described by Arnold (1948) who has studied its 
movement and dispersal (Arnold, 1953), variation and isomorphism (Arnold, 
1954), and life history and cytology (Arnold, 1955). Arnold’s published studies 
on movement have included changes in location of the organism as a function of 
time and in relation to other organisms and in relation to environmental influences, 
but do not include a study of movement in the sense of protoplasmic flow and the 
mechanism of flow, as used in the present paper. 


MATERIAL AND METHODS 


Allogromia laticollaris, originally described from Florida (Arnold, 1948), is 
a common foraminiferan of the sea coasts of the United States. It is a large 
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organism, possessing a globular test with an average diameter of 200 to 400 
microns, and a reticulopodial net of several times this diameter. It has been 
maintained continually in laboratory culture by Dr. Zach Arnold, who has kindly 
provided us with the ancestors of the organisms used in this work. The only 
requirements for prolific culture are sea water, nitrate and phosphate, some soil 
humus, a light source to permit growth of algae used as food, and containers, such 
as finger bowls. Allogromia is tolerant of heat and will reproduce within the 
range of 15 to 34° C, 

Observations were made with the aid of ordinary bright field microscopes, a 
Zeiss inverted microscope with phase and bright field equipment, and a Leitz 
variable phase microscope, which also permitted dark field observations. 

Micrurgical experiments were performed on organisms on open slides in a 
drop of sea water surrounded by a vaseline ring. Coverslips were added later for 
critical microscopic observations. 


RESULTS 


General protoplasmic arrangement 


The protoplasm of Allogromia, like that of all Foraminifera, lies 1) within the 
test, 2) around the outside of the test so that the test is more or less internal, and 3) 
in a network of pseudopodia, usually called reticulopodia, which may and usually 
do fuse peripherally to form complicated anastomoses, with numerous nodes, of 
various and continually varying sizes, all of which results in the formation of a 
reticulum, sometimes of very great complexity. 

The following discussion applies specifically to the reticulopodia of medium or 
small diameter, i.e., under 54. Near the body of the organism some of the 
pseudopodia are larger, but at a short distance from the body those over 10 y are rare. 
It appears as if some of the larger pseudopodia are fundamentally bundles of the 
smaller ones. Some of the following statements, ¢.g., those concerning absence of 
a non-moving central core, and possible absence of a cell membrane, do not neces- 
sarily apply to the pseudopodia of larger diameter and definitely do not apply to 
the main body of protoplasm or even to the larger nodes of the reticulum. 

Attachment to the substratum occurs in some of the more peripheral nodes of 
the reticulum, and presumably in some of the small peripheral masses of protoplasm 
sometimes found near the ends of the pseudopodia and which do not have side 
branches of reticulopodia, and sometimes under the main body of the organism. 
The active portions of pseudopodia under 5, are not attached directly to the 
substratum for much, if any, of their length, and many of them certainly are not 
attached to the substratum at all, except indirectly through the nodes or main 


body of the animal. 

Branching and rebranching may occur throughout the length of the reticulopodia, 
i.e., for several millimeters or more. However, a very high degree of branching 
occurs at the region where the mass of protoplasm merges from the opening in 
the test, so that the pseudopodia are seldom more than 10 » in diameter at the base 
as they emerge from the general protoplasmic mass. In the early stages of 
emergence or the later stages of withdrawal the appearance of the numerous 
pseudopods sometimes resembles a tuft of brush bristles being pushed free end 
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foremost out from the body or being drawn into the body. A similar description is 
given by Doflein (1916) for Gromia. 


Protoplasmic or filament streaming 


Allogromia is able to extend a network of radial granular reticulopodia trom 
its test as far as 15 millimeters in a circular pattern into its environment. In 
addition to the radial pseudopodia there are pseudopodia which form cross-connec- 
tions between one radial pseudopodium and another. Individual pseudopodia have 
an average diameter of 2—5 », but some have a diameter of considerably less than 
ly». Structure of a small branched pseudopodium is shown in Figure 1. 

Streaming can be determined by observing the movement of granules. Previous 
investigators of the Foraminifera have pointed out that streaming is usually in two 
directions simultaneously in the same pseudopodium. One important point is 
that in our observations we have found that streaming is always in two directions 
simultaneously in every pseudopod as shown in Figure 2. In radial pseudopods 
one stream goes toward the body and the other away from the body, and in 
pseudopods that form cross-connections in the reticulum, each stream goes in the 
direction opposite from the other. We have never been able to observe streaming 
in one direction only. In certain of the smaller reticulopods it sometimes may 
appear superficially that movement is unidirectional because one stream may be 
out of focus or has fewer granules. However, upon careful focussing with bright 
field objectives and more easily with phase objectives we have always been able 
to find movement in the opposite direction even in the finest pseudopods. This is 
an observation that has great theoretical importance as far as the proposed mecha- 
nism of filament streaming is concerned. 

In the medium sized and smaller pseudopodia of Allogromia, the protoplasmic 


material consists of two parts, each more or less the shape of a semi-cylinder, but 
also possibly flattened. In radial pseudopodia one semi-cylindrical portion is 
streaming in the outward or distal direction and the other semi-cylindrical portion 
is streaming in the inward or basal direction. We have not been able to detect a 
gel tube in any of the pseudopodia, even in those of large diameters. Neither is it 
possible to see the line of demarcation between the two oppositely moving layers. 


) 


Figure 1, The general shape and structure of the distal portion of one of the finer pseu- 
dopodia, with a single bifurcation into branches about one micron in diameter. Arrows show 
movement of the granules (g), and of a small cytoplasmic mass (c), all of which are attached 
to the actively moving filament (f). 
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\nastomoses of three reticulopodia. Body of organism at left. Arrows 
show direction of streaming. Node (n) mentioned in text. 
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Reticulopodia are extended by a greater flow in the outward direction and at 
least usually are retracted by a greater flow in the inward direction. However, 
by simple visual observation it is not possible to say definitely whether greater 
flow is obtained by greater velocity or by greater cross-sectional area in one of 
the two directions. 

The reticulopods are capable of great activity. They can bend and twist or 
even move laterally as they are extended ; they can split, forming Y junctions, with 
base toward the body, and can anastomose, forming inverted Y junctions, with the 
base toward the periphery. One pseudopodium may split to form two pseudopodia, 
which may be parallel to or divergent from each other, with active two-way stream- 
ing in both. Also, new side projections or branches may be pushed out from a 
pseudopodium, and these projections are sometimes carried by the protoplasmic 
stream, and always exhibit two-way internal streaming themselves. The simple 
Y junctions can migrate along the pseudopodium in either direction and combine 
with other junctions to form X's and more complex types of junctions. Activity, 
always meaning double streaming, regardless of whatever else might be included, 
is at least almost continuous, and no pseudopodia appear to be in a condition of 
rest; those that are not streaming are invariably moribund. This constant state 
of activity, with continual splitting and anastomosing of pseudopodia, with bending, 
twisting, and lateral movement, can readily give the teleological impression, men- 
tioned by Leidy (1879) that protoplasmic flow is under a most delicate if not 
deliberate central control, of the organism. 

[t is assumed that the streaming protoplasm of the reticulopodia is in a gel 


rather than a sol state. This assumption arises from the following observations: 





FORAMINIFERAN PROTOPLASMIC MOVEMENT 105 


1) Pseudopodial extensions only a few microns in diameter may be extended 
at almost any angle into the medium, for at least hundreds of microns, in a relatively 
straight line. They are more numerous along or near the substratum, but they 
are by no means limited to the substratum, and they certainly are not necessarily 
attached to the substratum. 

2) The pseudopodia are not readily bent or shoved aside when bumped by 
ciliates, microcrustacea, or other swimming organisms, and exhibit a certain degree 
of rigidity. 

3) The granules in the pseudopodia of small diameter, at least under simple 
visual observation (and with only occasional exceptions, mentioned below), seem 
to move in the stream without changing their relative positions and at least about 
the same distance apart. 


The terms “gel” and “sol” are relative ones used to describe different ranges 
of viscosity. Consequently, the line of demarcation between them is not a sharp 
one. As used here, the word “gel” denotes a viscosity high enough to permit 
retention of form under a considerable degree of stress, for example, under the 
conditions mentioned above. In order to explain the observed phenomena the 
assumption of a considerable degree of rigidity seems necessary, and this degree of 
rigidity seems far in excess of that of the sol and comparable to that of the gel 
of Amoeba proteus. We have planned a cinephotomicrographic analysis in order 
to-elucidate this point. The simple criterion of making an estimate of the degree 
of Brownian movement is not applicable because of the continuous streaming. The 
usual methods of measuring viscosity cannot be used for the same reason. 

\nother important observation is that at least in all pseudopodia under 5 pu 
in diameter all of the visible granules are streaming. There is no tube of gel. 

Neither is there any appreciable space, or any other evidence whatever, for 


a 
hyaline layer outside of the moving stream. The stream consists of a hyaline gel 


material to which the large granules are attached. 

Furthermore, there is no evidence for a central core of refractive non-moving 
protoplasm (stereoplasm), even when the pseudopodia are observed with the aid 
of dark field and phase equipment. This observation is in agreement with those of 
Doflein (1916) on Gromia dujardini in which he was unable to find a central 
core, and are in contrast to the observations of Doflein (1916), Schmidt (1937), 
Jepps (1942) and others who have described central cores in other genera of 
Foraminifera, which are not so closely related to Allogromia. 

The granules of the reticulopodia are 2 to 4m in diameter, which may be 
greater than the average diameter of the pseudopodium in which they are contained. 
Therefore, they seem to be attached to rather than contained within the clear 
streaming material which comprises the actively moving portion of the pseudopodia. 
Sometimes the granules traveling in one direction can be observed to bump into 
granules traveling in the opposite direction, and to hit with such force that they 
hecome detached and then attached to the oppositely directed thread, thereby re- 
versing their direction of movement. Less vigorous bumping may result in a back- 
ward shift of the position of a granule in relation to others in the same stream, but 
without a shift into the opposite stream. 

Frequently there are small masses of protoplasm, more or less spindle shaped, 
up to several times the diameter of a pseudopodium, which migrate along with 
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the protoplasmic stream, either outward eventually to fuse with one of the nodes and 
build up a secondary protoplasmic center from which more pseudopodia may radiate, 
or inward toward the body. This has been described by Leidy (quotation above) 
and others for other species, and is shown in text Figure 1 (C). Such spindles 
are few in newly formed reticula but may be numerous in older ones. 

Cross-connections may remain more or less in one position or may move 
laterally, that is, basally or distally, depending upon whether both ends are in- 
volved with outgoing or with ingoing streams, or may be pulled diagonally, with 
one end moving basally and the other end distally, if connected to one outgoing 
and one ingoing stream. Lateral movement of cross-connections, either basally 
or distally, but usually basally, is very useful in the engulfment of food particles. 

Streaming granules can be seen going through the nodes of the reticulum in 
definite pathways, so that a node with a dozen or more or even with only a few 
radiating pseudopodia (as in Figure 2, n) seems a jumble of moving granules. 
These bump into each other continually, and therefore may seem superficially to 
be merely undergoing Brownian movement. However, closer examination under 
high magnification reveals that the pathways are quite definite and that most of 
the granules are moving in single file. Furthermore, under dark field illumination it 
seems at times as if these pathways are traced by very fine clear fibers to which 
the granules are attached, exactly as in the very fine pseudopodia described above. 

Likewise, near the base of the larger pseudopodia which have many branches, the 
streaming is in the form of many narrow pathways, lying side by side, some with 
granules moving single file and some obviously in multiple lines, some directed 
basally and some distally, but usually with the lines well mixed in arrangement and 
not completely segregated according to direction. Similarly the pseudopodia inter- 
mediate in diameter seem to be made up of the same paired filaments of each of its 
branches, so that it is entirely probable that all except the finest pseudopodia are 
fascicles of the finer units, often with a partial fusion of filaments moving in the 
same direction, but certainly often without a complete fusion. This lack of com- 
plete fusion can account for the existence of more than one speed of streaming, 
as sometimes seen in the pseudopodia of intermediate and of larger diameter. 

For these reasons it seems as if the protoplasmic threads to which the single 
rows of granules are attached are continuous, both in at least some of the nodes of 
the reticulum and in the larger pseudopodia. Therefore, in a certain sense and to 
a very considerable degree the paired hyaline filaments of the finer pseudopodia 
may be considered the fundamental structural units of the reticulum. 

These fundamental streaming units, considerably less than a micron in diameter, 
are optically homogeneous as viewed with bright field, phase, and dark field objec- 
tives. Except for the bumps on the pseudopodia caused by the presence of granules 
the pseudopodia seem to be of quite uniform diameter throughout their unbranched 
portions, but they can differ in diameter from each other and are different in 
diameter before and after branching. We assume that this means that two or 
more of the paired fundamental units are fused to form all but the finest of the 


pseudopodia. In the smallest filaments there are fewer granules, but these granules 
can be traced individually as they move completely to the tip of the smallest clear 
filament and then turn 180° around the tip and start back toward the base of the 


filament. 
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Streaming is about 8 to 15 per second under conditions of our observations, 
but the results of modifying these conditions have not been studied. 

The above description of filament streaming applies not only to the large adult 
organisms, but also to the smaller specimens, and even to the smallest ameboid 
forms that we have identified in cultures. Presumably this includes most of the 
stages of the life cycle. 

Occasionally the end of a reticulopod may be turned back upon itself by 
extraneous forces and then begin to roll up into a spiral so the general form of 
the pseudopodium resembles a more or less flattened coil, with each turn in close 
contact and presumably fused with the adjacent turns, and with two-way streaming 
continuing for a number of minutes. The coiling seems to result when the tip of 
a pseudopod is bent so that it comes in contact with the outgoing protoplasmic 
stream. Two-way streaming continues in all parts of the spiral, and the coil 
continues to increase in size as long as contact is maintained only with the out- 
going stream. It is possible that this is what Leidy meant when he stated (quoted 
above) “they contract into a spiral.” Coiling requires about a minute, and a few 
minutes later the coil degenerates into a simple protoplasmic mass and then de- 
velops new pseudopodia. 


Flow on the reticulopodial surface 

Streaming of foreign material can easily be demonstrated on the surface of 
reticulopodia in Allogromia by use of a dye, e¢.g., Evans brilliant vital red, which is 
insoluble in sea water. The dye particles, which may be ten or more times the 
diameter of the pseudopodia, stick to the protoplasmic surface and flow along with 
the protoplasm (Fig. 3). Individual dye particles may stick to either the distally 
or the basally directed streams and therefore may pass each other going in opposite 
directions. The same phenomenon can be demonstrated less colorfully by means 
of particles of finely ground glass. This is apparently a non-specific reaction, and 
occurs normally with all materials (primarily algae) that serve as the food source 
for the organisms. Normally food particles are carried by the basally directed 
stream until engulfed by the main body of protoplasm or by the distally directed 
stream until engulfed by one of the major distal masses in the network or until 
it is redirected into a basally directed stream. 


Movement of the entire organism 

When the organism is moving there is no apparent contraction of the anterior 
pseudopodia, as is well known for other shelled rhizopods (e.g., Arcella). The 
anterior pseudopodia, which apparently pull the body and test forward, continue 
to have a rapid, and perhaps have a more rapid, two-directional streaming while the 
body is moving. The most reasonable explanation seems to be that the distal 
portion of the reticulum is attached to the substrate, that the distally streaming 
protoplasm is actually pulling the body forward, and that the motive power is the 
same active shearing process responsible for the streaming. The possibility should not 


be overlooked that movement may also involve some type of rapid contraction of 
the larger pseudopodia, as mentioned by Doflein (1916), Schmidt (1937), Jepps 
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Photographs showing movement of dye particles attached to reticulopodia. 


lye particles at lower right, and small ones scattered; A/logromta at upper left 


hirty minutes after a. Note movement of large particle toward opening in test of 4/ 


Thirty seconds after >. d and e, Dye particles moving along the pseudopodia 


i engulfment of particle 


(1942), and others for other Foraminifera. However, we have not seen any 
movement which could be interpreted in this manner. 

The tensile strength of active pseudopodia can be demonstrated by means of 
displacement with microneedles or movement of the medium. If a microneedle 
is entangled in some of the pseudopodia, the whole organism can be broken loose 
from the slide, leaving behind some fragments of protoplasm at the points of 
attachment, mostly in the peripheral portions of the net. Then the organism can be 
held by the microneedle attached to the pseudopodia while the slide is moved by 
the mechanical stage of the microscope. The pseudopodia which are not attached 
to the needle are dragged by the medium and trail as loose lines. When the 
direction of the slide is reversed the relative positions of the body and of the 
trailing pseudopodia are also reversed. 

However, under these conditions the protoplasm in the pseudopodia attached 
to the needle, even if only a single pseudopodium, continues to flow, and in both 
directions 
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Formation and behavior of protoplasmic fragments or satellites 


We have confirmed the experiments of Grell (1956) that if the peripheral 
portion of a pseudopod of A/logromia is amputated, the fragment can fuse with the 
pseudopodial stump and again become part of the organism. 


Furthermore, by repeated cutting of pseudopodia and removal of the main body 
of the organism we have been able to obtain small fragments of protoplasm. In 
small segments of a pseudopod, about 40 » long, cut at both ends, two-way stream- 
ing was observed immediately after the cuts were made. This proves that the 
connection to the main body of the organism is not necessary for two-way stream- 
ing. However, such fragments soon become rounded, forming what we have 
termed ‘“‘protoplasmic satellites.” These satellites can persist for about forty 
minutes under conditions of our experiments. During this time they become 
stellate in appearance by extending several fine pseudopodia which are capable of 
bending, twisting, and anastomosing, and which exhibit two-way streaming. In 
small satellites most of the larger granules often remain in the central mass of the 
satellite and usually are rare in the pseudopodia (Fig. 4+). The larger satellites 
have granular pseudopods. Satellites are capable of fusing with the parent organ- 
ism and also with each other. Furthermore, upon disintegration the pseudopods 
of satellites have been seen to split into two filaments, free of granules. 

Satellites also may be formed by rapidly crushing the organism between slide 
and coverslip. A rapid crushing causes most or all of the protoplasm of the body 
to dissolve in the sea water, but this does not necessarily result in solution of the 
uncrushed portion of the network. The larger nodes become the center of 
stellate protoplasmic masses, sometimes with dozens of radiating pseudopodia and 
numerous cross-connections, all of which exhibit two-way streaming. These may 
continue to stream for at least several hours. The nodes and the main body of 
these satellites also exhibit the definite granule pathways described for the intact 
organism. When the organism is crushed some of the pseudopodia may become 
completely isolated, and these also exhibit two-way streaming and may form small 
satellites similar to those obtained by micrurgical methods. 


b c 


AND c. Protoplasmic satellites of Allogromia. Note anastomoses 
orientation of pseudopods exactly as in intact organism. 
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Satellites which behave exactly as those described above can also be formed 
by quickly detaching the organism after it has extended pseudopods and attached 
them to the substrate, so that the attached ends remain attached to the substrate 
and become satellites. 

In general, in so far as the size of the satellite permits, streaming in satellites 
is exactly the same as that in the intact organism. 


DiIsCUSSION 
Inadequacy of the pressure flow theory applied to Allogromia 


The idea that protoplasmic flow in Allogromia could be caused by differential 
pressure in a sol resulting from contraction of a partially surrounding gel tube 
does not seem to be in accord with the following facts: 


1) Absence of a gel tube in the pseudopodia, and even the possible absence of 
a pseudopodial membrane (see below ). 

2) Presence of two-way streaming in all active pseudopodia, even those of 
smallest diameter, including all of the radial and all types of cross-connecting 
pseudopodia, both in the intact organism and in even the smallest protoplasmic 
satellites. 

3) Presence of definite criss-crossing pathways for granules through nodes 
of the reticulum. 

4) Presence of numerous parallel granule pathways in the larger pseudopodia, 
without, segregation of pathways on the basis of direction, and without any evi- 
dence of gel tubes through which the granules could flow. 

5) Presence of two-way streaming in freshly cut segments of pseudopodia. 

6) Reversal of direction of granules at the tip of each pseudopodium. 


Therefore, it is assumed that the theory of protoplasmic flow caused by dif- 
ferential pressure in a sol cannot apply to the protoplasmic flow of the reticulopodia 
of Allogromia. Likewise, it seems as if the pressure flow theory can not apply to 
the same general type of streaming in other Foraminifera, which has been described 
by other investigators. Therefore, a new theory is proposed. 


Theory of the mechanism of filament streaming in Allogromia 


The mechanism proposed to explain this type of movement is the existence of 
active shearing forces located in the reticulopodia between two paired filaments of 
protoplasmic gel, or rather between two portions of the same filament. These 
forces act longitudinally and oppositely and thereby produce the typical two-way 
streaming. 

This is shown diagrammatically in Figure 5. In its simplest form the pseu- 
dopodium includes only two approximately semi-cylindrical, but possibly flattened, 
filaments of protoplasmic gel, labelled f, and f,. Filament f, is the outgoing 
portion, and f, is the ingoing portion, as denoted by the large arrows. These are 
continuous at the tip of the pseudopodium and are therefore parts of the same 
filament. There may be some reorganization of the outgoing protoplasm at the 
tip before it becomes ingoing, but we have not been able to determine the degree 
of reorganization by simple visual methods. 
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Ficure 5. Arrangement of actively moving filaments (fi: and fs) of pseudopod. A, cross- 
section; B, side view. Direction of movement shown by arrows. The moving material is 
assumed in the diagram to be in the form of a semi-cylindrical filament, turned back upon 
itself at the tip, with the flat surfaces opposed. The shearing force is assumed to be between 
the adjacent surfaces and is designated by the short curved lines. 


The small hook-like structures represent the active shearing mechanism, which 
at present is completely unknown. It must act in the direction indicated by the 
small arrows, and it must be capable of acting against the same mechanism on the 
opposite semi-cylinder. All other properties of the mechanism remain undeter- 
mined. As diagrammed here one could imagine the gel filament with its active 
mechanism to be similar to a millipede of relatively enormous and indeterminate 
length, folded back upon itself at the tip and with the legs of one portion of the 
body pushing against those of another portion throughout the length of the 
pseudopodium. 

The basic idea is not new, but was proposed in somewhat different form by No- 
land (1957), in a general manner and without detailed application. In discussing 
the structure of protoplasm in Amoeba proteus Noland stated (p. 4), “. . . the endo- 
plasmic molecules, some of them at least, must be quite linear in form. If one lets 
his imagination have free play he might compare the molecules of the plasmasol to a 
writhing mass of centipedes, each hanging on to his neighbors with a leg or two, 
but often losing hold and grasping any other one that comes with reach. Thus 
the whole mass, though moving, would maintain a certain coherence, so that a tug 
at one centipede would be communicated some distance into the mass.” Further- 
more, in expressing doubt that the pressure differential theory could be applied to 
reticulopodia, he stated (p. 6), “To revert to our centipede similes, what we need 
are molecules that can orient themselves in one direction and crawl forward on any 
solid surface, while others of the same sort crawl forward on the back of the first 
layer.” 

The present proposal, aside from substituting millipedes for centipedes, but 
otherwise continuing the simile, assumes that instead of one animal moving on the 
back of another, that the distally bound millipede is merely a more posterior segment 
of the basally bound millipede and that “they” are moving with the feet of one 
segment pushing backward against the feet of the other. One very important de- 
velopment since Noland wrote his paper on this subject is that it has now been defi- 
nitely proven that in striated muscle we do have a mechanism that can “crawl” in the 
sense used by Noland, not on any solid surface, but on a highly specialized surface 
(review, A. F. Huxley, 1957). The existence of such a solid foundation changes 
what might have been considered a rather speculative hypothesis into a well founded 
theory, worthy of considerable development and investigation. 
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The completely unknown part of the mechanism is what the “millipede” uses for 
legs. In striated muscle the connections from the myosin fiber to the actin fiber, 
that is, the connections which actually exert the force involved in the sliding motion, 
may be seen with the aid of an electron microscope. It is also obvious from chemi- 
cal and cytological studies that ATP is used by the sliding mechanism (review, 
A. F. Huxley, 1957). Otherwise the status of definite knowledge is not much more 
advanced for muscle than for reticulopodia; the actual mechanism of the “legs” is 
unknown in both. Furthermore, in reticulopodia we can observe this sliding 
of one fiber upon another continuously by means of an ordinary microscope for 
hours, or even for days, or as long as the patience of the observer persists. 

In addition to the active shearing force there obviously must be some mechanism 
that holds the two active surfaces together and more or less in contact with each 
other. If the active force is transmitted through protein bridges similar to those 
which can be demonstrated in electron micrographs of striated muscle (H. E. Huxley 
and Hanson, 1955; A. F. Huxley, 1957), then the same bridges serve both purposes, 
and the two mechanisms are really two aspects of the same. 

It is obvious that the word “streaming” when used in conjunction with the pres- 
ent theory of filament streaming is used in a very special sense, and only for histori- 
cal reasons. It does not mean the streaming of a sol, as in Amoeba or in Physarum, 
or even in Foraminifera as assumed by previous investigators. It means the longi- 
tudinal movement of gel-like filaments, or threads, of protoplasm, carried along by 
active processes on the adjacent surfaces of the threads themselves, that is, on the 
surfaces between the two parallel threads which are “streaming” in opposite 
directions. 

One unanswered question concerning which we have no evidence is whether the 
filaments of gel remain essentially as filaments when the material is all inside of the 
body, or whether they are in the form of undifferentiated protoplasm, which is 
re-formed into filaments when the pseudopodia are re-extended. The tuit-like ap- 
pearance of many simultaneously emerging pseudopods might suggest that the 
structure is not completely destroyed within the body. 

Another unanswered question is how the organism is able to extend or retract 
all pseudopodia simultaneously. Is there a central control of these movements? 
Perhaps, and perhaps not. However, if there is a central control, the present theory 
offers a very simple explanation. The outgoing thread of gel must be formed from, 
or at least released from, the body of the animal, and the ingoing thread must be 
incorporated into the body, either as a stored filament or as dedifferentiated proto- 
plasm. Extension and retraction could be controlled very simply if there were 
control of either the release or the re-incorporation of the filaments, or of both 
of these processes. 

One characteristic of reticulopodia which perhaps should be emphasized is that 
in at least all of the finer and possibly in all of the pseudopods there is no tube of 
plasmagel as in Amoeba proteus and in Physarum. This general characteristic has 
been noted by most of the earlier investigators (e.g., Doflein, 1916; Schmidt, 1937; 
Jepps, 1942). The fact that a gel tube is absent is of great theoretical importance 
from the viewpoint of explaining the mechanism of movement. The absence of a 
gel tube definitely rules out the pressure differential theory, unless one assumes that 
the cell membrane is mechanically capable of performing the functions ordinarily 
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assigned to the tube. The question of the structure of the membrane and even the 
possibility of its non-existence on the reticulopodial surface is discussed below. 

Leidy stated that streaming was always in two directions in all pseudopodia “ex- 
cept those of greatest delicacy.” It is possible that he was not able to detect 
oppositely directed movement because of a scarcity of granules in the opposite 
stream. However, it is also possible that some of the “pseudopodia of greatest 
delicacy” are formed by splitting of an undirectional thread from a pseudopodium 
and that this thread is merely pushed passively into the medium. The present 
authors have seen a few temporary pseudopods which could be interpreted in this 
manner. However, such a thread, at least according to the present theory, could 
not develop into an active pseudopodium without developing a return flow. 

The theory, as outlined above, will explain all of the facts as we know them, 
including the six items listed above (Discussion, section 1) which cannot be ex- 
plained by the theory of differential pressure in a sol. 


3. Application of the theory to other materials 


It seems as if the present theory could apply in slightly modified form to the 
reticulopodia or rhizopodia which have a central core of stereoplasm and also to 
axopodia, which have a well defined axial filament. From one point of view the 
only change necessary is to assume that the active mechanism is capable of moving 
along the surface of the stereoplasm or the axoneme rather than only along the 
active surface of an oppositely directed filament. This is the equivalent of intro- 
ducing Noland’s idea of molecules crawling upon a solid surface. Another pos- 
sibility is that the active shearing occurs not between the rheoplasm and the stereo- 
plasm or axoneme, but between the outgoing rheoplasm and ingoing rheoplasm 
where they come in contact with each other, peripherally to the stereoplasm or 
axoneme. The central cores and the axonemes may serve architectural func- 
tions, but since they do not exist in Allogromia it is obvious that they are not neces- 
sary to explain either the stiffness or the streaming that exists in the reticulopodia 
of Allogromia. 

Previous investigators (e.g., Doflein, 1916) have pointed out that as the 
pseudopod is extended, more stereoplasm is added at the distal end of the core and 
that this must come from the rheoplasm. If so, and if the present theory also 
applies to species which have a central core, the core is composed merely of tempo- 
rarily inactivated fibers of rheoplasm, that is, of the hyaline material without the at- 
tached granules. 

Many of the stamen hair cells of plants have two-way streaming in fine threads 
of protoplasm which go across (that is, through) the cell vacuole (e.g., Zebrina, 
Tradescantia). In many instances it is obvious that streaming is in both direc- 
tions. However, streaming sometimes appears to be undirectional because the 
cytoplasm from one direction has few granules and is therefore difficult to detect by 
observation. It seems in such cases that the observers (especially students in ele- 
mentary classes) are often confused when a few large granules or even chloroplasts, 
are seen moving apparently upstream. According to the present theory, the 
granules are merely moving along in the colorless stream of a granular cytoplasm. 
The granules apparently take no active part in the streaming process, but purely a 
passive one, as in the Foraminifera. 
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The idea of an active shearing force is not limited to filament streaming but may 
also be applied to the contraction that occurs in the posterior end of Amoeba 
proteus. In various other ameboid organisms and in leucocytes, it seems quite 
definite that contraction of the protoplasm does occur (Mast, 1926; Lewis, 1931; 
review, De Bruyn, 1947), but the supposed contraction of the protein molecules of 
the gel, as proposed by Goldacre and Lorch (1950) is merely a theory based on the 
old idea that muscle contracts by a folding or a spiralling of linearly arranged 
elongated protein molecules. Allen (1955) sucked protoplasm of A. proteus into 
capillary tubes and then observed two-way streaming, during which each stream 
behaved as a structural unit, which could became subdivided to form narrower 
streams, so small as to contain only a single row of granules. This seems similar 
to the two-way streaming in the reticulopodia of Allogromia. If this type of 
streaming can occur in the normal endoplasm of Amoeba it could be the physical 
basis of the contractile process. The possibility of such an explanation is mentioned 
by Noland (1957, quotation above). 

Another alternative to the folding mechanism proposed by Goldacre and Lorch 
(1950) is the limited folding or sliding-folding mechanism suggested earlier by 
Frey-Wyssling (1948). According to this suggestion the sliding is caused by a 
wave of limited folding which passes along an elongated molecule. It is really an 
explanation, without experimental evidence, of how a sliding or creeping of one 
molecule along another might occur. 

The contraction of the transparent pseudopodia of Arcella might also involve an 
active shearing rather than a molecular shortening, but on this point there is no 
evidence whatsoever. 

The idea of an active shearing force can be applied to cyclosis whenever it occurs, 
e.g., in Nitella, Chara, Elodea, Paramecium, V orticella, etc. The only assumptions 
needed are that the moving material has a high viscosity and that the active force 
is exerted tangentially on its outer surface by the inner surface of the fixed cortical 
gel, or that the force is exerted from the moving high viscosity sol or gel on to the 
fixed cortex. Similar assumptions can also explain the rotatory movements of frag- 
ments of cells of Nitella and Chara described by Yatsuyangi (1953a, 1953b). 

This possibility is well demonstrated in the work of Jarosch (1958) who has 
succeeded in isolating filaments from the protoplasm of Toyellopsis (Characeae). 
Jarosch has shown that these fibers are actively motile because they produce parallel 
displacement forces, that they have an affinity for small microsomes (cf., granules 
of Allogromia), that they fuse into thick bundles, that they have the consistency of 
a gel, and that they possess elasticity. In brief, Jarosch has described in the fila- 
ments of Toyellopsis exactly the properties needed to explain streaming in Allo- 
gromia. In an earlier note he also mentioned the possibility of applying a similar 
theory to ciliary movement and to movement in axopodia (Jarosch, 1957). 

In summary, it seems as if we can postulate two major types of protoplasmic 
movement in the Sarcodina, and possibly only these two types for all protoplasmic 
movements. These are: 

1) Flow of a sol caused by differential pressure as a result of contraction of a 
partially surrounding gel, and 

2) Movement of gel, which in Allogromia (and probably in plant hair cells) is 
in the form of paired filaments of gel which move by means of active shearing 
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forces, acting oppositely and longitudinally along the adjacent surfaces between the 
threads. In reticulopodia of most other Foraminifera the active force of the fila- 
ments, instead of acting on the other filament, might act against the stereoplasm, 
or, in axopodia, against the axoneme. In cyclosis the force from one layer of gel 
may act against that of another layer of thick sol or gel, or vice versa. 

Furthermore, we have the possibility that the gel contraction that causes pres- 
sure flow may involve an active shearing mechanism as the contractile process of 
the gel. 


4. Taxonomic significance of the two types of protoplasmic streaming 


Certainly, if we consider only the Sarcodina as a group, we can state that we 
have both pressure flow and filament streaming as the two types of protoplasmic 
movement. If we ignore the untested possibility that both of these might be 
fundamentally the same, and consider them to be distinct, we are faced with the 
very interesting question of how they are distributed taxonomically. If this is a 
fundamental difference in the type of movement, perhaps all Sarcodina which have 
only filament streaming should be placed in a separate group from those which ex- 
hibit only pressure streaming, and those which have both should be placed in an 
intermediate group. 

If this were done we would have to consider organisms with filopodia, reticu- 
lopodia, rhizopodia, and axopodia more closely related to each other than to those 
which have lobopodia only. This would necessitate changes in the well known 
separation of the Sarcodina into Rhizopodea and Actinopodea, and a re-assortment 
of the organisms placed in the rhizopodean order Proteomyxida, most of which 
have filament streaming. Such a thorough reorganization does not seem justified 
at present. However, the lines of demarcation between the current orders of the 
Sarcodina are so far from being satisfactory that a reclassification may well be 
contemplated in the future when more information becomes available. 


5. Nature of the reticulopodial surface 


The nature of the protoplasmic surface of reticulopodia has been the subject 
of comment by various investigators. It is commonly agreed that most but not all 
objects normally brought into contact with the pseudopodia will stick, and further- 
more, those that stick will be carried along in or on the protoplasmic stream. 
Arnold (1953) mentioned this fact in regard to the food material used by Al- 
logromia, In our experiments the insoluble dye and the glass particles stuck and 
were carried in both directions by the protoplasmic streams. Some particles do 
not stick tight enough to be engulfed. For instance, Sandon (1934) cites the fact 
that flagellates often stick to foraminiferan pseudopodia, are carried for a consider- 
able distance, and then break loose and swim away. Sandon interprets this as 
evidence of a tough protective pellicle over the pseudopod. However, it could 
better be interpreted as evidence that the membrane is either thin and delicate 
as well as sticky, or even non-existent. 

If one assumes that the streaming protoplasm is actually a thread of gel, then 
there is no need of assuming any membrane whatever in order to explain the 
mechanics of streaming. In fact, the principal reason for assuming the existence 
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of a membrane is that to assume the opposite would be physiological heresy. It 
seems as if the assumption that a membrane does not exist is just as radical as the 
assumption of the existence of an active shearing force would have been a few 
years ago. 

If we assume that a reticulopodial membrane does exist and that foreign particles 
which move with the flow are sticking to the membrane, then the membrane itself 
must move with the stream, as assumed by Sandon (1934). If so, then the portion 
of the membrane over the outgoing stream is moving oppositely from that over the 
ingoing stream, and the membrane, if it is to be considered a single membrane, must 
be sheared along two longitudinal lines, one on each side, where the circumferential 
margins of the oppositely moving streams are closest to each other. Therefore, 
along these two lines the membrane is continuously subject to longitudinal shearing 
and must be very highly labile ; for all mechanical purposes such a membrane might 
as well not exist. The assumed membrane, then, as far as structure is concerned, 
becomes the membrane, not of the pseudopodium but of each protoplasmic stream, 
and it could well be merely the surface of the gel which makes up the moving proto- 
plasmic thread. 

On the other hand, if we assume that the foreign particles penetrate but are not 
completely covered by the membrane and stick to the moving gel thread, and that 
the membrane does not move, then the large particles, of a size, let us say, ten times 
the diameter of the pseudopodium, must split the membrane as it moves with the 
stream, and the membrane must be re-formed behind the particle. If we assume 
that these large particles upon contact with the gel are immediately covered by some 
sort of a membrane, then we must assume that the membrane is very rapidly 
formed at the anterior edge of the particle, and destroyed in the posterior edge of the 
particle, and this seems even more unlikly. 

For these reasons it seems best to assume tentatively that the membrane of the 
small reticulopodia may be merely the surface precipitation membrane, of possibly 
merely the surface, of the moving thread of protoplasmic gel that constitutes the 
stream. 

This tentative assumption, if made in addition to the theory of mechanism out- 
lined above, results in perhaps the simplest overall concept of reticulopodia that is 
possible . . . merely two adjacent naked filaments of gel, or more exactly two 
parts of the same filament, pushing against each other longitudinally along their 
adjacent surfaces, with resultant two-way streaming. This concept may be over- 
simplified, but for the present there seems to be no reason for assuming without 
evidence the existence of any of the complicating structural considerations found in 


other material. 
SUMMARY 


1. Protoplasmic streaming in the reticulopodia of Allogromia laticollaris is de- 
scribed. Streaming is always a two-directional movement of two threads of 
plasmagel which together with attached granules seem to make up the entire 
structure of the reticulopodia. There is no outer tube of gel, no central core of 
optically refractive material, and no space for an outer hyaline layer. This seems 
to be the simplest form of filament streaming known to exist. 
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2. It is proposed that the mechanism of filament streaming in Allogromia con- 
sists of active shearing or parallel displacement forces located between the adjacent 
surfaces of the two gel filaments, acting longitudinally and oppositely from one 
filament to the other so as to produce two-way streaming. 

3. Possible applications of the theory of active shearing forces to protoplasmic 
movement in other materials are discussed. 

4. It is suggested that in Allogromia the gel threads of the reticulopodia may not 
be covered by a typical cell membrane but by a surface precipitation membrane or 
that the membrane may be merely the surface of the gel filament itself. 

5. The possible taxonomic significance of the existence of two major types of 
protoplasmic movements, namely, pressure flow and filament streaming, is discussed. 


LITERATURE CITED 


ALLEN, R. D., 1955. Protoplasmic streaming in amoeba. Biol. Bull., 109: 339-340. 

Arnon, Z. M., 1948. A new foraminiferan belonging to the genus Allogromia. Trans. Amer. 
Micr. Soc., 67: 231-235. 

Arnotp, Z. M., 1953. An introduction to the study of movement and dispersal in Allogromia 
laticollaris Arnold. Contrib. Cush. Found. Foram. Res., 4: 15-21. 

Arnotp, Z. M., 1954. Culture methods in the study of living Foraminifera. J. Paleo., 28: 
404-416. 

Arnotp, Z. M., 1955. Life history and cytology of the foraminiferan Allogromia laticollaris. 
Univ. Calif. Publ. in Zool., 61: 167-252. 

Bover, E. C., 1952. A possible explanation of the gel-sol changes in amoeboid movement based 
on the muscle contraction theories of Szent-Gyorgi. Proc. Iowa Acad. Sci., 59: 
428-434. 

De Bruyn, P. P. H., 1947. Theories of amoeboid movement. Quart. Rev. Biol., 22: 1-24. 

Dortetn, F., 1916. Studien zur Naturegeschicte der protozoen. VII. Untersuchungen tber 
das Protoplasma und die Pseudopodien der Rhizopodien. Zool. Jahrb. (Anat.), 39: 
335-384. 

ENGELMANN, T. W., 1879. Flimmer und Protoplasmabewegung. Hermann Handb. d. Physio- 
logie, 1: 343-408. 

Frey-Wysstinc, A., 1948. Submicroscopic Morphology of Protoplasm and its Derivatives. 
Elsevier Press, New York. 

Gotpacre, R. J., Anp I. J. Lorcu, 1950. Folding and unfolding of protein molecules in relation 
to cytoplasmic streaming, amoeboid movement, and osmotic work. Nature, 166: 
497-500. 

GrELL, K. G., 1956. Protozoologie. Springer-Verlag, Berlin. 

Huxtey, A. F., 1957. Muscle structure and theories of contraction. Prog. in Biophysics, 7: 
255-318. 

Hux.ey, H. E., anp J. Hanson, 1955. The structural basis of contraction in striated muscle. 
Soc. Exp. Biol. (Gt. Brit.) Symp., 9: 228-264. 

Jaroscn, R., 1957. Zur Mechanik der protoplasma Fibrillenbewegung. Biochem. et Biophys. 
Acta, 25: 204-205. 

Jaroscu, R., 1958. Die Protoplasmafibrillen der Characeen. Protoplasma, 50: 93-108. 

Jerrs, M. W., 1942. Studies on Polystomella Lamarck (Foraminifera). J. Mar. Biol. Assoc., 
25: 607-666. 

Kamalya, N., anp K. Kuropo, 1958. Studies on the velocity distribution of the protoplasmic 
streaming in Myxomycete plasmodium. Protoplasma, 49: 1-4. 

Leipy, J., 1879. Fresh-water rhizopods of North America. Rept. U. S. Geol. Surv., 12: 324 pp. 

Lewis, W. H., 1931. Locomotion of lymphocytes. Bull. Johns Hopkins Hosp., 49: 29-36. 

Mast, S. O., 1926. Structure, movement, locomotion, and stimulation in Amoeba. J. Morphol., 
41: 347-425. 

Notanp, L. E., 1957. Protoplasmic streaming: a perennial puzzle. J. Protozool., 4: 1-6. 

Sanpon, H., 1934. Pseudopodial movements of foraminifera. Nature, 133: 761-762. 





118 THEODORE L. JAHN AND ROBERT A. RINALDI 


Scumunt, W. J., 1937. Uber den Feinbau der Filopodien, inbesondere ihre Doppelbrechung bei 
Miliola. Protoplasma, 27: 587-598. 

Seirriz, W., 1942. The Structure of Protoplasm. Iowa State College Press, Ames. 

Serrriz, W., 1954. The rheological properties of protoplasm. Chapter 1, pp. 3-156. In- 
Deformation and Flow in Biological Systems, A. Frey-Wyssling, ed., Interscience 
Publishers Inc., New York. 

YaTsuyYANcl, Y., 1953a. Recherches sur les phénoménes moteurs dans les fragments de proto- 
plasme isolés. 1. Mouvement rotatoire et le processus de son apparition. Cytologia, 
18: 146-156. 

YaTsuyYAnal, Y., 1953b. Recherches sur les phénoménes moteurs dans les fragments de proto- 
plasme isolés. 2. Mouvements divers detérminés par la condition de milieu. Cyto- 
logia, 18: 202-217 





OBSERVATIONS ON THE NUTRITION OF THE LAND 
PLANARIAN ORTHODEMUS TERRESTRIS 
(O. F. MULLER)? 


J. B. JENNINGS 


Department of Zoology, University of Leeds, England 


The Turbellaria as a class are carnivorous and previous investigations have 
shown that the range of prey available to these relatively simple animals has been 
greatly increased through the development of efficient feeding mechanisms in 
the form of progressive elaborations in the structure and use of the pharynx 
(Jennings, 1957). The Tricladida in particular, with the protrusible cylindrical 
type of plicate pharynx, are active and successful predators and the nutrition of 
the aquatic forms has already received much attention (Willier, Hyman and 
Rifenburgh, 1925; Kelley, 1931; Jennings, 1957). Little is known, however, of 
feeding and digestion in those triclads of terrestrial habit and hence a representative 
of this group, Orthodemus terrestris (O. F. Muller), has been examined to gain 
some measure of the influence of a land existence upon the typical pattern of 
triclad nutrition. 


MATERIALS AND METHODS 


Orthodemus terrestris occurs beneath limestone debris and fallen branches in 
the Fairburn, Malham and Settle districts of Yorkshire. Specimens collected 
throughout the year were presented in the laboratory with representatives of the 
fauna associated with them under natural conditions, and their food preferences 
and methods of capture and ingestion of the selected prey observed. The course of 
digestion was traced by histological examination of series of individuals previously 
starved to clear the gut and then killed at progressive intervals after being fed on 
either the natural food or test foods such as frog blood and boiled starch paste. 
\fter fixation in Susa at 30° C. sections were cut at 8» and stained with haema- 
toxylin and eosin, Feulgen, benzidine, periodic acid-Schiff, Alcian blue and Lugol's 
iodine. Food reserves were studied after fixation in Flemming (for fat) and 90% 
alcohol containing 1% picric acid (for carbohydrates and proteins), sections of 
specimens fixed in the latter reagent being stained by the Best’s carmine, P.A.S. 
and modified Millon methods. 


(OBSERVATIONS 


Che jood and feeding methods 


Orthodemus feeds mainly upon slugs (Arion sp.) and small earthworms. It 
will also attack small arthropods such as collembola, wood-lice, insect larvae and 
myriapods if these are injured or incapacitated in any way but normally they are 
too active for capture by the flatworm, which lacks any trapping or snaring 


New combination by Hyman (1954). 
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devices. The mucus produced during locomotion quickly dries out and pla 
part in the capture of food, unlike that of some aquatic triclads which per 
about the habitat as sticky strands to entangle insect larvae and crustaceans. 
prey appears to be found by chance and starved individuals show no awarenes 
the proximity of either damaged or intact animals until random movements 
them into direct contact. 

When an appropriately sized slug or earthworm is encountered the flatworm 
rapidly extends across the width of the prey until it can grip the substratum on 
each side and so pin the captured animal beneath the arched body. The grip on 
both prey and substratum is helped by copious secretions of mucus from the 
ventral surface and is so effective that prey rarely escape. Movement across the 
prey continues until the mouth, which lies ventrally approximately one-third of 
the body length from the posterior end, can be brought into contact with it. The 
muscular tubular pharynx is then protruded through the mouth and after moving 
rapidly over the surface of the prey is eventually thrust through the body wall 
(Fig. 1). When this occurs the flatworm changes position slightly to bring the 
mouth directly over the point of penetration to enable the pharynx to extend as 


fully as possible into the prey. The precise means of penetration could not be 


Ficure 1. Orthodemus attacking a slug (S). The protruded pharynx (P) is penetrating 
the integument of the slug to withdraw the body contents. Magnification X 5. 

Ficure 2. Photographed 15 minutes after Figure 1. Feeding is complete and the flat- 
worm is retracting the pharynx from the remnants of the slug. Magnification as in Figure 1. 

Ficure 3. A portion of the gastrodermis in Orthodemus showing a “sphere-cell” (S.C) 
surrounded by columnar cells. Haematoxylin and eosin. Scale: 1 cm. = 20 u. 

Ficure 4. Gastrodermis of Orthodemus, 4 hours after a meal of starch paste, showing 
columnar cells loaded with phagocytosed material. Periodic acid-Schiff. Scale as in Figure 3. 
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ascertained, but it would appear to be purely mechanical, with the pharynx merely 
forcing its way inwards through the epidermis and musculature. Complete penetra- 
tion is achieved within 30-60 seconds of first contact and there is no evidence to 
suggest the process is assisted by either regurgitation of solvent juices or the selec- 
tion of external openings. 

Once within the body cavity the pharynx moves around disorganzing the 
softer tissues to pass them back in a finely divided condition into the gut. The 
disruption of the tissues is rapid, and, like the penetration of the body wall, is 
mechanical with the pharynx acting as a simple suctorial tube extracting tissue 
fragments and body fluids. Withdrawal of the body contents continues until 
either only the collapsed and empty body wall is left, or the flatworm is replete, 
when the pharynx is retracted and the remnants of the prey abandoned (Fig. 2). 
Feeding lasts 10-20 minutes and during this period the flatworm lies in a very 
characteristic position across the prey, with the head region often raised and 
swinging slowly from side to side. In the early stages the food may be abandoned 
if the flatworm is disturbed or the incident light increased but later, when the 
pharynx is inserted and ingestion proceeding, the feeding individual is less suscep- 
tible to external stimuli and in the laboratory can often be manoeuvered into 
situations more suited to observation. 

The laboratory stock of Orthodemus was sexually mature and produced cocoons 
between April and August. Up to six young, 3-4 mm. long, emerged from each 
cocoon within three weeks of laying and these fed in the same manner as the 
adults upon newly hatched or very young slugs. The latter were common in the 
habitat during the flatworm’s breeding season and appear to form the staple diet 


of young Orthodemus, for isolated mucus cells and granules of a black pigment 
similar to that of the slug were often found amongst the gut contents of the young 
individuals fixed immediately after collection. 


The structure of the gut and the course of digestion 


The gut in Orthodemus has the typical triclad arrangement with numerous 
lateral caeca arising from each of the three main branches. The pharynx is of 
the cylindrical plicate type, and can be protruded through the mouth by simple 
muscular elongation. 

The gastrodermis (Figs. 3 and 4) consists of a single layer of non-ciliated cells 
standing on a delicate basement membrane. Two types of cell occur. The larger 
and more numerous are columnar, 40-50 » in height, with basal eosinophilous in- 
clusions which apparently represent phagocytosed food particles, for they disappear 
rapidly during starvation. The second type is spherical or slightly pear-shaped, 
25-30 » high, and situated between the bases of the columnar cells in the ratio of 
approximately one to every ten of the latter. They contain eight to twelve protei- 
naceous spheres which stain heavily with haematoxylin and modified Millon 
method and disappear only slowly with starvation. These “sphere-cells” appear, 
therefore, to function as sites of protein storage—a conclusion supported by the 
absence of changes in appearance or staining reaction which can be correlated with 
digestive processes. 

The presence of discrete particles within the columnar gut cells indicated that 
digestion in Orthodemus is intracellular and this was confirmed by an examination 
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of individuals fixed at various intervals after observed feeds on slugs. Im- 
mediately after feeding the gut lumen is filled with a heterogeneous mass of cells, 
nuclei and muscle fragments already of suitable size for phagocytosis through the 
extreme disruption caused by the pharynx during ingestion. Phagocytosis begins 
as the first tissue fragments enter the gut and within fifteen minutes engulfed 
particles are found throughout the gastrodermis. They are contained at first in 
small vacuoles near the free distal border of the columnar cells, and phagocytosed 
muscle fragments and nuclei are clearly recognizable. With time, however, the 
fragments lose their identity and condense to homogeneous spheres which pass 
back deeper into the cells to disappear as digestion and absorption proceed. Four 
hours after feeding the columnar cells are loaded with phagocytosed material and 
they show a considerable increase in volume, with their walls becoming indistinct 
and the whole gastrodermis appearing almost syncytial. Complete digestion of 
a meal takes 12-24 hours, depending upon the amount of food taken, but any 
particles too big for phagocytosis, such as occasional large muscle fragments, are 
unaffected and remain unchanged in the gut lumen. 

Experimental demonstration of the complete absence of intraluminar digestion 
was obtained by feeding frog blood and boiled starch paste. The former was 
readily taken by the flatworms but the starch appeared to be less palatable and 
had to be injected into a boiled portion of earthworm to ensure its ingestion. Fixa- 
tion after blood feeding showed that many erythrocytes were ruptured during their 
passage through the pharynx, demonstrating its effective triturating action, and 
the corpuscle fragments, nuclei, and intact erythrocytes were quickly phagocytosed 
by the gut cells. Staining with the Feulgen and benzidine techniques showed 
progressive breakdown and disappearance of phagocytosed nuclei and haemoglobin, 
but in sharp contrast material in the lumen remained unchanged in appearance and 
staining capacity until it was either taken up by the cells or eventually expelled 
from the gut eight to twelve hours after feeding. Similar results were obtained 
after feeding with starch paste; staining with Lugol and P.A.S. showed digestion 
and absorption of starch within the columnar cells (Fig. 4), whilst that remaining 
in the lumen was quite unaltered. 

It was not possible to determine the pH conditions of intracellular digestion 
owing to the limited number of specimens and the difficulty of administering food 
containing indicators. 


The food reserves 

Fat forms the principal food reserve in Orthodemus and the bulk is stored in 
the mesenchyme as large globules 15-20, in diameter, whilst smaller amounts 
are scattered as droplets 3-4 » in diameter in the columnar cells of the gastrodermis. 

As already stated, protein reserves are found within the so-called “sphere-cells” 
of the gastrodermis (Fig. 3) and in adult Orthodemus these show a marked 
seasonal variation. Thus in early spring the gastrodermis contains more “sphere- 
cells,” each with large, dense and heavily staining spheres, but during the summer 
months when the gonads are mature and the flatworms producing cocoons the 
number of cells decreases and the spheres of those remaining shrink and stain only 
lightly. In the late summer, however, the cells start to increase in number and 
reach a maximum of one to every ten of the columnar cells by October or November. 
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Thus there is a build-up of reserve protein during the late summer which is rapidly 
depleted in the following breeding season. 

There are no significant amounts of carbohydrate reserves. Staining with Best’s 
carmine and P.A.S. reveals only very small amounts of glycogen which occur as 
tiny irregular granules scattered through the mesenchyme and columnar gut cells. 


DIscusSsION 

It is evident from these observations that nutrition in Orthodemus terrestris 
differs very little from that described in the related aquatic triclads (Willier, 
Hyman and Rifenburgh, 1925; Kelley, 1931; Jennings, 1957). The typical 
triclad feeding mechanism, with the pharynx functioning as a suctorial tube which 
penetrates the prey to withdraw the body contents piecemeal, has apparently proved 
adequate to the needs of a terrestrial life and is retained unmodified. It allows the 
flatworm to deal effectively with slugs or earthworms which in the absence of 
devices for trapping more active animals appear to form the bulk of the diet. The 
failure of the mucous locomotory trail to persist and perform the secondary func- 
tion of ensnaring the prey, as it does in aquatic triclads, is due perhaps to the 
terrestrial environment which although damp and humid does not prevent desicca- 
tion of the trail soon after its formation. 

The retention of suctorial feeding, with extreme disruption of the food during 
ingestion, allows phagocytosis by the columnar cells to begin immediately food 
enters the gut. Consequently there has been no stimulus for the development of 
intraluminar digestion and the primitive condition of exclusively intracellular break- 
down persists, exactly as in the aquatic triclads. A further similarity between the 
latter and Orthodemus is seen in the form and location of the food reserves, and 
particularly of protein stored in both cases in special “sphere-cells” in the gastro- 
dermis. 

It would appear, therefore, that the adoption of the terrestrial habit by Ortho- 
demus has not necessitated any fundamental modification of the basic triclad methods 
of feeding and digestion. This is probably true of most other terrestrial triclads, 
for of the few existing accounts which mention nutrition, almost all describe or 
infer suctorial feeding upon earthworms, slugs and occasionally other invertebrates 
(Percival, 1925; Eastham, 1933; Johri, 1952; Froehlich, 1955; Pfitzner, 1958), 
and since this has such a profound effect upon the particle size of food entering the 
gut it is likely that it permits retention of purely intracellular digestion, as in 
Orthodemus. A few South American species, however, are reported to swallow 
their food whole (Froehlich, 1955) so that in these cases, unless preliminary break- 
up within the gut is achieved mechanically as in some rhabdocoels (Jennings, 
1957), at least some degree of intraluminar digestion must occur. 


I wish to thank Professor E. A. Spaul for his advice and encouragement 
during the course of this work. 
SUMMARY 


1. The land planarian Orthodemus terrestris feeds principally upon small slugs 
and earthworms which are captured after chance encounter. 
2. The typical triclad method of feeding, with the protruded cylindrical plicate 
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pharynx inserted into the prey to disrupt and withdraw the body contents, is used 
without modification. 

3. Disintegration of the food during ingestion is so effective that the resultant 
particles are available for immediate phagocytosis by the gut cells and intraluminar 
digestion is absent. 

4. The food reserves consist of fat stored in the mesenchyme and columnar 
gut cells, and protein stored in gastrodermal “sphere-cells.” Protein reserves are 
depleted during the breeding season and replenished in the late summer and 


autumn. 

5. It would appear that the basic triclad methods of feeding and digestive 
processes are quite adequate to the needs of terrestrial life and Orthodemus shows 
no particular adaptation to this so far as nutrition is concerned. 
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THE CYTOCHROME SYSTEM IN MARINE 
LAMELLIBRANCH TISSUES? 
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The occurrence of the cytochromes and cytochrome oxidase, very similar to 
the oxidase of mammals, has been proved in certain marine molluscs (Ball and 
Meyerhof, 1940; Humphrey, 1947 ; Ghiretti- Magaldi, Giuditta and Ghiretti, 1957). 
However, it is still obscure whether the cytochrome system acts as a terminal 
oxidation system in their intact tissues. The mere presence of the cytochromes or 
cytochrome oxidase in a cell does not indicate to what extent the normal respiration 
is mediated actually through the cytochrome system. Recently it was suggested 
that the cytochrome system may not play a major role in the respiratory system of 
the oyster mantle, although the tissue contains cytochrome oxidase (Jodrey and 
Wilbur, 1955). 

The present investigation was undertaken to throw some light on the con- 
nection of the cytochromes with the respiration of intact tissues of marine lamel- 
libranchs. A portion of this work has been preliminarily reported (Kawai, 1958). 


MATERIALS AND METHODS 


The respiratory studies were made at the Seto Marine Biological Laboratory 
during fall and early winter, and certain enzyme assays were carried out at the 
laboratory in Kyoto. Three species of marine lamellibranchs, the oyster, Cras- 
sostrea gigas, the pearl oyster, Pinctada martensii and the mussel, Mytilus cras- 
sitesta, were used as experimental materials. Specimens of the former two, each 
about two years old and about 11 and 6 cm. in shell height, respectively, were 
obtained from culture-farms in the vicinity of the Marine Laboratory, while 
Mytilus, about 8 cm. in shell height, was collected at a shore reef near the Lab- 
oratory. 

Oxygen uptakes of intact tissues and extracts were measured at 25° C. in 
Warburg manometers, with vessels of about 9 ml. capacity. Respiratory measure- 
ments were carried out with several thin tissue pieces, 50 to 100 mg. in fresh 
weight, suspended in 1.5 ml. of sea water buffered at pH 8 with 0.03 M glycine 
(Robbie, 1946) or glycylglycine (Tyler and Horowitz, 1937). To absorb CO,, 
0.2 ml. of 0.5 M or 10% KOH and filter paper were placed in the center-well. 
In the cyanide experiments, NaCN was added to the main compartment and 
0.2 ml. of KCN-KOH mixture (Robbie, 1946) was included in the center-well. 
Both glycine and glycylglycine of the concentration used had no effect on the 
respiration of the lamellibranch tissues. In the experiments of photo-reversibility 
of carbon monoxide inhibition, a 500-watt projector lamp was switched on at some 


1 Contributions from the Seto Marine Biological Laboratory, No. 334. 
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distance away from the water-bath. A slight absorption by the KOH solution 
in the center-well was subtracted from each manometric reading. 

Absorption bands of cytochromes were observed with a low dispersion hand 
spectroscope and more accurate sites of the bands were measured with a Hilger 
wave-length spectrometer. The spectrophotometric studies of cytochrome oxidase 
were made with a Hitachi EPU-II spectrophotometer. 

Carbon monoxide was prepared by decomposing formic acid with warm con- 
centrated sulfuric acid. Cytochrome c was prepared from beef heart according 
to Keilin and Hartree (1945). 


RESULTS 
1. Cytochrome spectra 


The absorption spectra of the reduced cytochromes were examined on intact thin 
tissues or breis, packed about 2 mm. thick, adding a small amount of solid sodium 
hydrosulphite. The characteristic absorption bands corresponding to cytochromes 
a+ a,, b and c, could be clearly observed in the lamellibranch heart at room tem- 
perature. Cooling the heart with liquid-air by the method of Keilin and Hartree 
(1949), the bands were very intensified, being slightly shifted towards the violet. 
The sites of these cytochrome bands were estimated with the Hilger spectrometer 
at room temperature as follows: aa + a,a: 603; ba: 562; ca: 550; bB + cB: 520- 
530 my. 

In other tissues, such as gill, mantle, adductor muscle, etc., only the band of 
cytochrome b could be detected at room temperature. However, a feeble band of 
cytochrome a + a, and a lesser band of c appeared at liquid-air temperature. Table I 


TABLE | 


Observations on the a-bands of reduced cytochromes in marine 
lamellibranch tissues at liquid-air temperature 


| 
Relative intensity of the absorption* 


Animal - a 


Cyt. a+as Cyt. b Cyt. ¢ 


| 


Heart | +++ +++ 
| Gill ++ 
Crassostrea gigas | Mantle a 
| Adductor muscle + 


Digestive diverticula + 


| Heart ++ | 
Gill + | 
se .. | Mantle + 
Pinctada martensii yo ow es | 
Gonad + 
Digestive diverticula - 
| 


. Gill * 
Mytilus crassitesta Mantle pms 


| 











* Very strong absorption is shown by the sign +++ or ++++, while very feeble band is 
indicated by +—. The sign — shows the absence of cytochrome band. 
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Figure 1. The oxidation of reduced cytochrome c by cytochrome oxidase from oyster gill. 
Reduced cytochrome c was prepared by reduction with a pinch of hydrosulphite and the excess 
hydrosulphite oxidized by shaking. Total volume 3 ml. Each cuvette contained final concen- 
tration of 2X 10-5 M cytochrome c, 0.1 M phosphate buffer at pH 7.0 and 0.15 ml. of the 
extract. I contained 10° M cyanide; II, no cyanide. Reaction was followed at 25° C. The 
change of optical density was plotted on the logarithmic scale. 


represents the results of these observations. The cytochromes are most abundant 
in the heart, where cytochrome ¢c is predominant or equal to b. In other tissues, 
however, cytochrome 6 is apparently more dominant than a+ a, or c. This fact 


forms a sharp contrast to the situation of the heart. Absence of the bands of 
a+ a, or ¢ in certain tissues may be due to their very low concentration. When a 
few drops of pyridine were added to the reduced tissues, a very intense pyridine 
hemochromogen band extending from about 550 to 560 my, with a mid-point at 
about 557 mp, and a weak band lying about from 580 to 590 my were readily 
produced in all tissues examined. They are considered to be the absorption bands 
of pyridine derivatives of cytochromes b and a group, respectively. 


2. Cytochrome oxidase 

The enzyme activity was determined at 25° C. by two methods, i.e., mano- 
metrically and spectrophotometrically. The extract for the enzyme study was 
prepared by homogenizing the excised tissue with a glass homogenizer in five 
parts of cold 1.24 M sucrose (isotonic with sea water) and squeezing through a 
thin cloth. The addition of an aliquot of the extract to a solution of reduced 
cytochrome c results in a rapid decrease in optical density at 550 mp (Fig. 1). 
The activity of molluscan cytochrome oxidase is inhibited by about 94% in the 
presence of 10° M cyanide. The enzyme activity is also inhibited by carbon 
monoxide in the dark. Under the condition, 90% nitrogen + 10% oxygen in the 
control flask and 90% carbon monoxide + 10% oxygen in the experimental, the 
activity is inhibited by about 62% and the inhibition is completely eliminated by 


the illumination (Fig. 2). 
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Ficure 2. Effect of carbon monoxide on cytochrome oxidase from pearl oyster gill; 0.5 ml. 
extract in each Warburg flask. Final concentration: phosphate buffer at pH 7.0, 0.05 M; 
ascorbate, 0.01 M@; cytochrome c, 2.2 10° M. Final volume 2.0 ml. I, in 90% N2+10% 
O:; II, in 90% CO+10% Os. Temperature 25° C. The black and white blocks under the 
base line show the periods of dark and light. 


3. Effect of carbon monoxide on the respiration of lamellibranch tissues 


Inhibition experiments were performed using the same gas mixture (CO/O, 
ratio of 9/1) as in the case of cytochrome oxidase. Controls with a gas mixture 


TABLE II 


Respiration of lamellibranch tissues in a gas mixture of 90% CO and 10% Oz 


Oz uptake in a er ji 
r 5 ee CO inhibition | Relative 
No. of deter- control (ul./hr., Se cee affinity 


minations 100 mg. fresh (per cent) constant** 


Crassostrea gigas 
Heart 9.0 
Gill 53 8.7 
Mantle 29 8.0 
Pinctada martensii 
Gill 48 10.1 
Mantle 15 54 3.4 
Digestive diverticula 27 46 10.6 
Mytilus crassitesta 
Gill 2 26 52 8.3 


* The complete elimination of CO inhibition by the illumination was observed in all tissues 
examined. 

** Relative affinity constant of the tissue respiration for CO and O2 was calculated by the 
Warburg equation. See text. 
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of nitrogen and oxygen (9/1) were also run, but there was no significant difference 
between oxygen uptakes in this control and in air. 

Figure 3 shows the results of a typical experiment, obtained with the oyster 
indicating the presence of photo-reversibility of carbon monoxide inhibi- 
tion. Nearly identical results, the inhibition of oxygen uptake in the CO gas 
mixture being about 50% in darkness and completely eliminated by light, were 


obtained in all tissues examined. These results are summarized in Table II. 


mantle, 


The relative affinity constants of the tissue respiration for carbon monoxide and 
oxygen were also calculated according to the equation of Warburg (1949) ; 
K=n/1—n- pCO/pO,, where n is the fraction of oxygen consumption not 
inhibited, and pCO and pO, are, respectively, carbon monoxide and oxygen pres- 
sure. The values obtained, ranging from 7.7 to 10.6, are in good agreement with 
the average value of 8.2 reported for yeast cells in young cultures (Warburg, 1949). 
The stimulation effect of carbon monoxide on cell respiration, which has been 
found in certain marine eggs (Rothschild, 1949; Minganti, 1957; Rothschild and 


Tyler, 1958), was not observed in these lamellibranch tissues. 
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Figure 3. Effect of carbon monoxide on the respiration of oyster mantle. I, in 90% 
Nz + 10% Oz; II, in 909% CO+10% Ox. Each flask contained 100 mg. tissue pieces in 1.5 ml. 


of 0.03 M glycylglycine-buffered sea water. Temperature 25° C. The white blocks under 
the base line show the periods of illumination. 
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Figure 4. Effect of cyanide and methylene blue on the respiration of oyster tissues. (a) 
gill; (b) mantle. I, control; II, 10 / cyanide +6 X 10° W methylene blue; III, 10° M 
cyanide + 10° J/ methylene blue; [V, 10 1/ cyanide. Each manometric flask contained 50 
mg. of gill pieces or 100 mg. of mantle pieces in 1.5 ml. of sea water buffered with 0.03 M 
glycine. Manometric measurements were started twenty minutes after the tissues were im- 
mersed in each medium containing the reagents. 


4. Effect of cyanide on the respiration of oyster tissues 


The endogenous respiration of the oyster gill was depressed by 0.001 W cyanide 
to 15-20% of the control and the inhibition was partly restored to about 40% of 
the control in the presence of 6 X 10°°M methylene blue, or its nearly saturated 
solution in sea water; while a lower concentration of methylene blue, 1 x 10°M 
was slightly effective to reverse the cyanide inhibition at an initial short period, 
but this effect completely disappeared within 40 to 60 minutes after the respiratory 
measurement was started (Fig. 4a). Very similar results, though the effect of 
6 x 10°M methylene blue was somewhat smaller, were also obtained in the 
cyanide inhibition of the oyster mantle respiration (Fig. 4b). 


DISCUSSION 


The marine lamellibranchs, Crassostrea gigas, Pinctada martensii and M ytilus 
crassitesta, used in this investigation have no oxygen carrier such as hemoglobin 
or hemocyanin in the blood. However, as reported here, their visceral] cells possess a 
normal cytochrome system consisting of cytochromes a, b, c and dy, i.e., cytochrome 
oxidase. The absorption bands of cytochromes in their hearts being nearly equiva- 
lent to those in the cells of baker's yeast, it is inferred that the hearts probably 
contain as much cytochromes as yeast cells. Such high contents of cytochromes in 


the molluscan hearts, resembling mammalian hearts, may be concerned with their 
active movement. Although the contents of cytochromes are considerably low in other 
tissues, such as gill, mantle, adductor muscle, etc., there is apparently more 
cytochrome > than a + a, and c. This is very interesting when compared with the 
situation of the hearts, where cytochrome c is predominant or equal to b. 
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As the molluscan cytochrome oxidase shows photoreversibility in the carbon 
monoxide inhibition, it should contain iron atom, like the oxidase of mammals, in 
the active site. The relative affinity constant of the enzyme for carbon monoxide 
and oxygen, calculated from the equation of Warburg as described previously, is 5.5 
under the condition employed. This value is very similar to that reported for 
cytochrome oxidase of sea urchin eggs (Krahl, Keltch, Neubeck and Clowes, 1941) 
and the spermatozoa of fresh-water mussels (Kawai and Higashi, 1959), but 
somewhat smaller than the value for mammalian cytochrome oxidase (Ball, 
Strittmatter and Cooper, 1951). 

The presence of photoreversible inhibition of carbon monoxide in the respira- 
tion of lamellibranch tissues demonstrates that cytochrome oxidase acts as a 
terminal oxidase in these intact tissues. Ina gas mixture of 90% carbon monoxide, 
the activity of molluscan cytochrome oxidase is inhibited by about 62% in the dark 
and the inhibition of the tissue respiration, though somewhat different in each tissue, 
is roughly 50%. Therefore, on the assumption that the oxidase in vivo is in- 
hibited to the same extent in the extract, the respiration of intact tissues mediated 
through the cytochrome oxidase would be about 80% or more of the total respira- 
tion. 

As is well known in many cells, autoxidizable redox dyes, exemplified by meth- 
ylene blue, can restore the depressed respiration by cyanide. Such reversing effects, 
though not remarkable, could also be observed in the cyanide inhibition of oyster 
tissues using methylene blue (6 x 10° M) nearly saturated in sea water. Accord- 
ing to Jodrey and Wilbur (1955), methylene blue, 1.4 x 10°° M at the final 
concentration, was without appreciable effect in reversing the cyanide inhibition of 
the mantle respiration of the oyster (Crassostrea virginica). From this result they 
suggested that the cytochrome system may not play a major role in the oxidative 
metabolism of the oyster mantle. However, the ineffectiveness of methylene blue 
may be attributed to the matter of concentrations employed, because, in the present 
work, a lower concentration of methylene blue (1.0 x 10°° M) was similarly in- 
effective to reverse the cyanide inhibition of the respiration of oyster tissues. 


The author wishes to express his indebtness to Prof. D. Miyadi of Zoological 
Laboratory, Prof. S. Tanaka of Biochemical Laboratory and Dr. Y. Matsui, the 
Director of Nippon Institute for Scientific Research on Pearls, for their encourage- 
ments and numerous facilities given during this investigation. He is also indebted 
to Dr. R. Sato, Institute for Protein Research of Osaka University, for his kind 
advice concerning the spectroscopic examination, and to the Staff of the Seto Marine 
Biological Laboratory for their help and facilities offered. This investigation was 
supported, in part, by a Grant-in-Aid for Developmental Scientific Research from 
the Ministry of Education. 


SUMMARY 


1. The cytochrome system of the lamellibranchs, Crassostrea gigas, Pinctada 
martensti and Mytilus crassitesta, has been studied in relation to the respiration of 
intact tissues. 

2. The visceral cells possess a normal cytochrome system consisting of cyto- 
chromes a, b, c, and a,, i.e., cytochrome oxidase. The oxidase is strongly inhibited 
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by cyanide and carbon monoxide. The carbon monoxide inhibition of the enzyme 
is completely eliminated by light. 

3. Cytochromes are most plentiful in the heart, where cytochrome ¢ is pre- 
dominant or equal to b, while b is apparently more predominant than a + a, or ¢ 
in other tissues. 

4. In a gas mixture of 90% CO and 10% O., the respiration of various tissues 
is inhibited by about 50% in the dark and the inhibition is completely eliminated 
by the illumination. Cyanide, 0.001 M, depresses the respiration of the oyster 
tissues to about 15-20% of the control, and the inhibition is partly reversed in the 
presence of methylene blue (6 X10°° M) nearly saturated in sea water. 

5. It is concluded that about 80% or more of the total respiration of intact 
lamellibranch tissues proceeds through the cytochrome system. 


LITERATURE CITED 


Batt, E. G., and B. J. Meyernor, 1940. On the occurrence of iron-porphyrin compounds and 
succinic dehydrogenase in marine organisms possessing the copper blood pigment hemo- 
cyanin. J. Biol. Chem., 134: 483-494. 

Batt, E. G., C. F. Srritrmatrer and O. Cooper, 1951. The reaction of cytochrome oxidase 
with carbon monoxide. J. Biol. Chem., 193: 635-647. 

GuirettTiI-MaGatpr, A., A. Grupitra AND F. Gurretti, 1957. A study of the cytochromes of 
Octopus vulgaris Lam. Biochem. J., 66: 303-307. 

Humpnurey, G. F., 1947. The succinoxidase system in oyster muscle. J. Exp. Biol., 24: 
352-360. 

Joprey, L. H., anp K. M. Wirsur, 1955. Studies on shell formation. IV. The respiratory 
metabolism of the oyster mantle. Biol. Bull., 108: 346-358. 

Kawal, K., 1958. Cytochrome system in oyster tissues. Nature, 181: 1468. 

Kawal, K., ann S. Hicasut, 1959. The cytochrome system in the spermatozoa of fresh-water 
mussels. Seikagaku, 31: 97-101. 

Kein, D., ano E. F. Hartree, 1945. Purification and properties of cytochrome c. Biochem. 
J., 39: 289-292. 

Kein, D., anno E. F. Hartree, 1949. Effect of low temperature on the absorption spectra 
of haemoproteins: with observations on the absorption spectrum of oxygen. Nature, 
164: 254-259. 

Krau_, M. E., A. K. Kerttcu, C. E. Neuspeck anp G. H. A. Crowes, 1941. Studies on cell 
metabolism and cell division. V. Cytochrome oxidase activity in eggs of Arbacia punc- 
tulata. J. Gen. Physiol., 24: 597-617. 

MrinGantl, A., 1957. Experiments on the respiration of Phallusia eggs and embryos (ascidi- 
ans). Acta Embryo. et Morphol. Exp., 1: 150-163. 

Rossie, W. A., 1946. The quantitative control of cyanide in manometric experimentation. 
J. Cell. Comp. Physiol., 27: 181-209. 

RoTHsCHILD, Lorp, 1949. The metabolism of fertilized and unfertilized sea-urchin eggs. The 
action of light and carbon monoxide. J. Exp. Biol., 26: 100-111. 

RoTHscHILD, Lorp, AND A. Ty er, 1958. The oxidative metabolism of eggs of Urechis caupo. 
Biol. Bull., 115: 136-146. 

Tyzer, A., ano N. H. Horowitz, 1937. Glycylglycine as a sea water buffer. Science, 86: 
85-86. 

Warsure, O., 1949. Heavy Metal Prosthetic Groups and Enzyme Action. Clarendon Press, 
Oxord. 





STUDIES ON THE MECHANISM OF PHOSPHATE 
ACCUMULATION BY SEA URCHIN EMBRYOS '* 


J. B. LITCHFIELD? AND A. H. WHITELEY 


Department of Zoology and the Friday Harbor Laboratories, 
University of Washington, Seattle 5, Washington 


It was shown by Needham and Needham (1930) that the developing larva of 
Dendraster excentricus increases its total phosphate content from fertilization to 
gastrulation. Since this initial discovery, phosphate accumulation by echinoderm 
eggs has been the object of a number of studies. The use of radioactive phosphorus 
in this analysis was introduced by Brooks (1943). 

P*? uptake by unfertilized eggs is negligible. An exchange that does not result 
in an increase in the internal concentration of phosphate is thought to take place 
between the external and intracellular phosphate (Chambers and White, 1949, 
1954; Brooks and Chambers, 1954). Lindberg (1949, 1950) considered that the 
surface of unfertilized eggs metabolized phosphate but that no intracellular penetra- 
tion occurred. This surface metabolism involved incorporation of P*? into ATP. 

The fertilized egg presents a radically different picture. Immediately following 
fertilization there is no change in P** uptake, but within 6-30 minutes there is a 
noticeable increase. The rate of uptake increases to a maximum value and re- 
mains constant for as much as seven hours after fertilization. These initial events 
have been described for various species by Abelson (1947), Brooks and Chambers 
(1948, 1954), Whiteley (1949), and Chambers and White (1954). The maximum 
uptake rate by the fertilized eggs is as much as 160 times as great as the uptake by 
unfertilized eggs (Brooks and Chambers, 1948). The rate is not greatly affected 
by the accompanying decrease in P** and P*? concentrations in the suspension 
medium within the limits 0.7 to 13 »M (Brooks and Chambers, 1954). Evidence 
that this uptake represents a real penetration is the fact that only 2 to 5% of the 
P** activity is removed by continuous washing with sea water (Brooks and 
Chambers, 1948, 1954). 

Radioactive phosphate is largely incorporated into the acid-soluble phosphate 
compounds (Abelson, 1947, 1948; Chambers, Whiteley, Chambers and Brooks, 
1948; Chambers and White, 1949, 1954; Bolst and Whiteley, 1957). This is true 
both in the fertilized and unfertilized eggs. Among the acid-soluble components, 
the easily hydrolyzable phosphate compounds have the highest activity (Abelson, 
ae Lindberg, 1949, 1950; Chambers and White, 1949, 1954; Bolst and Whiteley, 

). 


Inhibition of uptake by fertilized eggs can be achieved by the use of low tem- 


, ‘ This investigation was supported in part by the Research Fund 171 of the University of 
W ashington, by an Institutional Research Grant from the American Cancer Society to the 
University of Washington, and by a grant from the National Science Foundation. 

* Present address: Department of Physiological Chemistry, Woman’s Medical College of 
Pennsylvania, Philadelphia. 
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peratures (Abelson, 1947; Villee and Villee, 1952). Metabolic inhibitors such 
as 4,5-dinitro-o-cresol (Abelson, 1947) and cyanide (Brooks and Chambers, 1948) 
also diminish uptake. These experiments have lead to the view that the develop- 
ing embryo has an enzymatic mechanism that controls the penetration and conse- 
quent accumulation of phosphate. Lindberg (1949, 1950) has adduced evidence 
that in the fertilized egg the initial enzymatic reaction in the uptake involves in- 
corporation of phosphate into adenosinetriphosphate. However, Chambers and 
Mende (1953) have determined that the primary penetration of phosphate through 
the plasma membrane still could be a matter of simple diffusion down an activity 
gradient inasmuch as they have found an extremely low concentration of free 
inorganic orthophosphate within the fertilized eggs of Strongylocentrotus droe- 
bachiensis. Chambers and White (1949) have found that the inorganic phosphate 
pool in S. purpuratus decreases quickly in response to fertilization. Agents that 
affect enzymatic activity might alter phosphate penetration by affecting the magni- 
tude of the internal phosphate pool. 

In the present study the nature of penetration of phosphate into the fertilized 
egg of Strongylocentrotus purpuratus has been examined further. The experi- 
ments have largely involved an analysis of the effects of metabolic effectors (2,4- 
dinitrophenol, arsenate, ATP, and temperature) on the rate of uptake of P** in 
fertilized eggs. 


METHODS AND MATERIALS 


Experimental chamber. The basic experimental approach used in most of the 
experiments to be described was to measure continuously with a Geiger counter 
the accumulation of P** by sea urchin eggs that were being perfused with sea water 
containing P** as orthophosphate. In some experiments the perfusion fluid in- 
cluded various metabolic effectors. The lucite perfusion chamber was an improved 
version of that used by Chambers and Whiteley (Whiteley, 1949), and Chambers, 
White and Zeuthen (Zeuthen, 1951) (Fig. 1). Temperature was maintained con- 
stant by pumping water through the upper chamber. The eggs, which rested on the 
bottom of the lower chamber, were introduced through an opening in the side that 
was then closed by means of a lucite plug. The flow characteristics of the chamber 
were tested by perfusing it with adye. The dye spread quickly and fairly homogene- 
ously to all parts of the chamber and a flow of three to four ml./min. changed the 
sea water in the compartment to the extent of 90% in 114 minutes as measured with 
a photo-cell. The volume of the chamber is 1.7 ml. 

Radioactivity measurements. The chamber was placed on a lucite platform 
which in turn rested on the top of an end-window Geiger-Mueller tube; conse- 
quently the geometrical relationship between the tube and the chamber was always 
the same. The scaler was checked before and after each experiment against a cali- 
brated standard. Several Geiger-Mueller end-window tubes were used during the 
course of the experiments. The thickness of their windows ranged from 2.3 to 3.1 
mg./cem.?. In the majority of experiments, corrections were made for the dif- 
ference in sensitivity resulting from these differences in window thickness. 

Conduct of experiments. Prior to entry into the egg chamber, the sea water 
was cooled by passage through coiled glass tubing in a constant temperature bath. 
In most experiments the temperature of the bath, and therefore in the chamber, was 
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Figure 1. Perfusion chamber. c, cooling chamber; e, egg chamber; g, end-window Geiger- 
Mueller tube; i, inlet tube; 0, outlet tube; p, platform; s, No. 1 coverslip. 


18.0° C.; however for several experiments, the temperature was lowered to 8.0° C. 
sefore each of these low temperature experiments, it was established with a thermo- 
couple inserted into the chamber that the temperature of the water flowing through 
the egg chamber was 8.0° C. 

At the beginning of each experiment, the eggs were perfused with sea water for 
fifteen minutes, while a background count for the experiments was obtained. Sea 
water containing P** was then turned on and the activity in the chamber reached a 
new level with the unfertilized eggs. Fifty to sixty minutes after the start of the 
experiment, the eggs were fertilized. This was accomplished by injecting 0.1 to 0.2 
cc. of a 10% sperm suspension in P**-sea water into the chamber inlet tube with a 
hypodermic syringe. Fertilization and development of the eggs were observed with 
a Zeiss Opton stereoscopic microscope placed above the chamber. At the end of 
each experiment the eggs were removed from the chamber, washed, and allowed 
to develop further to check on their normality and on their recovery from the effects 
of any reagent that was being tested. After each experiment the chamber was 
rinsed alternately with concentrated HCl and NaOH and perfused with tap water 
and sea water in order to remove P*? adsorbed on the inner surfaces of the bottom 
compartment. Any radioactivity left in the chamber was accounted for by measur- 
ing the activity of the empty chamber just before each experiment. 

In some experiments, eggs were activated parthenogenetically by the double 
treatment of Loeb (Just, 1939). The butyric acid and hypertonic sea water 
solutions were injected by means of a syringe into the egg chamber containing 
the unfertilized eggs. At the end of the treatment the eggs were perfused with sea 
water, followed by P**-sea water as in the other experiments. 

Materials. The eggs used were those of the sea urchin Strongylocentrotus 
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purpuratus (Stimpson). The eggs from a single animal were used in each ex- 
periment. Shedding was induced either by injection of 4.25% KCl (Tyler, 1949), 
or by an electric shock of 30 volts, applied intermittently for several minutes 
(Harvey, 1952). Eggs were shed into filtered sea water and washed until 95% 
to 100% fertilization was obtained. In the majority of experiments the eggs were 
used within one to three hours after shedding. Sperm were collected in dry 
Syracuse watch glasses, and suspensions were made up just before use. 

A 0.5% egg suspension was prepared and 1-ml. aliquots of this suspension were 
counted in a Sedwick-Rafter counting chamber. Based on this count, 15,000 
eggs were transferred to the experimental chamber. During transfer and distribu- 
tion of the eggs to the chamber 15 to 20% of the eggs were lost, so that in each 
experiment approximately 12,000 to 13,000 eggs were used. This number of eggs 
covered the bottom of the chamber in a single layer. Control eggs were cultured 
at 18.0° C. during the course of the experiment for comparison with those in the 
chamber. 

Solutions. All perfusion solutions were made up in filtered sea water. 
was obtained from the Abbott Laboratories as sodium phosphate in 0.9% NaCl at 
pH 6.5. P**-sea water solutions were made to have 4n activity of 0.005 yc/ml. 
In all but two experiments the amount of carrier phosphate added was considerably 
less than the 31 to 62 wg/1. normally found in sea water in this area. The addi- 
tional phosphate in these two experiments had no adverse effect on the eggs. One 
solution of P**-sea water was prepared for each experiment, and from this P**- 
solutions containing various test substances were made. All solutions were ad- 
justed to pH 8. 


ps2 


RESULTS 
Uptake of P** by unfertilized, fertilized and parthenogenetically activated eggs 


Experiments with unfertilized eggs confirm previous observations that there is 
practically no P** accumulation at this time. A few minutes after the P**-sea 
water first enters the egg chamber, the activity of the chamber reaches a level that 
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Figure 2. Uptake of P™ by unfertilized eggs of Strongylocentrotus purpuratus (Stimpson) 
and adsorption of P*® by the perfusion chamber. The initial low level of activity represents the 
background count. a, unfertilized eggs; b, empty chamber. 
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remains relatively constant for hours. During the course of several hours the 
activity may rise slightly, showing a small accumulation over the level in the sea 
water. The curves obtained with unfertilized eggs and with an empty chamber 
(Fig. 2) are very similar, from which it is concluded that the small rise is due to 
adsorption of P** on the surfaces of the chamber and that no accumulation of P* 
occurs in the unfertilized eggs. This conclusion is strengthened by the results of 
several experiments in which it was found that the rate of increase in activity 
in the chamber is not affected by varying the number of unfertilized eggs from 5,000 
to 20,000. 

In contrast to the unfertilized eggs, fertilized eggs accumulate P** so that the 
activity in the chamber soon greatly exceeds that of the P**-sea water. An ex- 
periment that typifies the course of this uptake is given in Figure 3. Two other 
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Ficure 3. Uptake of P® by sperm activated and artificially activated eggs. The initial 
low level of activity represents the background count. Activation was at zero time. a, sperm 
activated eggs; b and c, artificially activated eggs. 
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experiments are similar in all essential respects. This accumulation commences 
after a short lag period that is quite variable, ranging in 24 experiments, 
from 7 to 30 minutes with an average of 18. The maximum rate of uptake 
is not established until approximately 40 minutes after fertilization. This again is 
variable, ranging from 22 to 60 minutes in 14 experiments. While an explanation 
of these variabilities is not at hand, there seems to be no correlation between the 
length of the lag period and the length of time the eggs have been out of the ovary, 
which varied from | to 5.75 hours in 24 comparable experiments. It is probable 
that the cause resides in inherent differences in the gametes of different animals. 
Once the maximum rate of uptake is established, it remains constant. This constant 
rate of uptake was observed in experiments that continued for five hours after 
fertilization. 

The characteristic uptake pattern of the fertilized eggs could be dependent to 
some degree on the penetration of the sperm, or it could be inherent solely in the 
potentialities of the eggs. To answer this question, eggs were activated partheno- 
genetically and the uptake of P** followed. As is shown in Figure 3, such eggs 
exhibit a P** accumulation comparable to that of fertilized eggs. The onset of 
phosphate accumulation is also preceded by a lag period. Uptake was initiated by 
both a single treatment with butyric acid and a double treatment of butyric acid and 
hypertonic sea water. The rate of P** uptake in these experiments was approxi- 
mately 75% of the fertilized egg rate. This difference was probably due to the 
activation of only 60-70% of the eggs in the chamber, as measured by membrane 
elevation. Moreover, none of the activated eggs cleaved normally. It seems 
probable that under optimum conditions, with activation approaching 100%, the 
uptake would approach very closely that of the fertilized eggs. 

The time of onset and the magnitude of phosphate uptake appear to be poten- 
tialities of the egg, then, and are independent of the sperm. The increase in uptake 
does not begin until well after the visible cortical events of membrane elevation 
have occurred. It is of interest also that the well-known increase in respiration 
associated with fertilization begins earlier than the phosphate uptake and is not 
clearly associated with it. 


Effect of low temperature on P** uptake 

Two experiments were carried out in which the temperature was initially 8.0° 
C. followed by an increase to 18.0° C. in the middle of the experiment. At 8.0° 
C. there was a comparatively low rate of P** uptake, which was readily stimulated 
when the temperature was raised to 18.0° C. (Fig. 4). From these experiments a 
Q,, of 2 and 2.3 was calculated comparable to the value of 2 obtained by Villee and 
Villee (1952) with Arbacia punctulata. 


Effect of 2,4-dinitrophenol on P** uptake 


While the establishment of the high uptake rate does not coincide with the 
establishment of the high respiratory rate, and the pattern of uptake during cleavage 
does not resemble the exponentially increasing respiratory rate, the effect of tem- 
perature still suggests that phosphate uptake may be related to energy metabolism. 

2,4-dinitrophenol (DNP) is a metabolic inhibitor known to interfere especially 
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Figure 4. Effect of temperature on P™ uptake. The initial low level of activity repre- 
sents the background count. Insemination was at zero time. Arrows indicate a change in the 
temperature of the perfusion solution. 


with aerobic phosphorus metabolism with the result that it uncouples phosphoryla- 
tions from oxidations (Loomis and Lipmann, 1948) and so in turn interferes with 
energy-requiring processes (Simon, 1953). Inhibition of phosphate uptake has 
been reported by Abelson (1947) for dinitrocresol, another substituted phenol. 
However, in some unpublished experiments, Whiteley had observed that when 
DNP was added some time after fertilization, there was no inhibition of phosphate 
uptake. A detailed investigation of this point has shown that the time when DNP 
is applied has a direct bearing on its effect on P** uptake. In these experiments 
DNP in a concentration of 10-* M in sea water was introduced into the perfusion 
chamber at various times before and after fertilization, and the effect on the rate of 
P*? uptake was measured. This concentration will reversibly inhibit cleavage. 
When DNP is applied before fertilization or any time within the first thirty 
minutes following fertilization, there is a marked inhibition of P** accumulation, 
as may be seen in Figure 5. After thirty minutes, the effect of DNP decreases 
until, when it is added at sixty minutes after fertilization, it has no effect on P* 
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Figure 5. Effect of 10*M DNP on P® uptake. The initial low level of activity repre- 
sents the background count. Insemination was at zero time. Arrows indicate the addition of 
DNP to the perfusion chamber. a, DNP added at 60 min.; b, DNP added at 50 min.; c, DNP 
added at 30 min.; d, DNP added at insemination. 


accumulation. If the rate of P** uptake is plotted against the time after fertilization 
when DNP is applied, the time course of the inhibition can be clearly seen (Fig. 
6). The maximum inhibition is associated with the first 30 minutes following 
fertilization. The degree of inhibition at 40 minutes is variable. This variability 
may be correlated with the length of the lag period and the onset of the maximum 
uptake rates: if the latter is not established until after the application of DNP at 
40 minutes, the inhibition seems to be appreciable; if the maximum rate of uptake 
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Ficure 6. Effect of 10M DNP on the rate of accumulation of P® when the DNP is 
added at various times after insemination. Ordinate—average slope from insemination to the 
end of the experiment. Abscissa—time after insemination when the DNP was added. Open 
circles: fertilized eggs and DNP; solid circles: fertilized eggs; half-open circles: artificially 
activated eggs; quarter-open circles: unfertilized eggs. 


has been established by 40 minutes, the inhibition is considerably reduced. Once 
P*? uptake has been firmly established, as at 60 minutes after fertilization, DNP 
has no effect on the accumulation, even in experiments continued for three hours 
after the application of the DNP, and despite inhibition of cleavage. Fertilized 
eggs are most sensitive to DNP, as far as P** uptake is concerned, at a time when 
virtually no P%? uptake has been established. 


Effect of adenosinetriphosphate on dinitrophenol inhibition 

Kriszat and Runnstr6ém (1951), Barnett (1953) and Kriszat (1954) have re- 
ported that ATP will partially reverse the cleavage block due to DNP. In the 
light of these results it was thought that ATP might overcome the inhibitory effect 
on P** uptake produced by DNP applied during the lag period. The two experi- 
ments of Table I were done to test this possibility. To conserve ATP the perfusion 
chamber was not used in these experiments. In each experiment four equal aliquots 
containing about ten thousand fertilized eggs were placed in four small flasks. At 
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four to six minutes after insemination the flasks received P*? at a final concentra- 
tion of 0.01 uc/ml. and either sea water, DNP, ATP, or DNP and ATP. Final 
concentrations of DNP and ATP (Sigma crystalline disodium adenosine 5’-triphos- 
phate) were 10°* M in each instance. In Experiment 1 the final volumes were 
100 ml., and in Experiment 2, 50 ml. The pH of the cultures was 7.8 to 8.0 and 
they were maintained with stirring at 15.5° C. Orthophosphate concentrations in 
the cultures varied from 2.1 to 3.8 ~4M. Two hundred and seventy minutes after 
adding DNP and ATP in the first experiment and 90 minutes in the second, the 
embryos were gently centrifuged and washed three times with sea water. The 
control eggs removed less than 12% of the available P*? from the culture solutions. 
It is clear that while DN P is markedly inhibitory when added so soon after fertiliza- 
tion, 10°* M ATP does not relieve the DNP inhibition. ATP itself, in these and 
one other experiment, depresses uptake 15 to 28%. In both experiments cleavage 
was completely inhibited by the DNP, even in the presence of ATP. In the longer 
experiment only 5 to 10% of the embryos cleaved when subsequently placed in sea 
water at the end of the experiment. Recovery was 90 to 95% in the shorter 
experiment. 

The negative results could mean that DNP damage is not repaired by direct 
addition of ATP, or that insufficient ATP penetrated to activate the energy-de- 
pendent reactions blocked in the presence of DNP. The permeability of developing 
eggs to ATP was tested directly in several experiments in which the concentration 
of ATP in sea water bathing eggs was measured during the first 8 or 9 hours of 
development. In these experiments recently inseminated eggs were suspended in 
sea water containing 5 x 10° M ATP (Sigma, crystalline Na,ATP) at pH 8.0 
and at 15.1° C. The egg concentrations were about 1% by volume or 10,000 
eggs/ml. Aliquots of the suspensions were collected immediately and at intervals 
until the ninth hour of development, and were assayed for the concentrations of 
adenine-containing compounds (absorbance at 260 mp), inorganic phosphate, and 
acid-labile phosphate (phosphate hydrolyzed in 10 minutes in 1 N HCl at 100° C.). 
Controls consisted of sea water with ATP, but no eggs, and sea water with eggs 
but no ATP. 

If ATP were absorbed to or penetrated into the eggs, the absorbance of 
ultraviolet light and the acid-labile phosphate would diminish proportionately. If 
ATP were hydrolyzed to ADP or AMP by surface-located enzymes without pen- 
etration of the adenine moiety, the acid-labile phosphate would decrease, but not 
the ultraviolet absorbance. In different experiments the removal of adenine- 
containing components by the eggs varied from O-2.34 x 10 pmoles/10,000 
eggs/hr., and the maximum observed change in ATP that could be ascribed to a 


TABLE | 


P®O, cpm/aliquot 


Exp. 1 Exp. 2 ; 
Sample (in DNP for 270 min.) (in DNP for 90 min.) 


Control eggs 6583 6642 
Eggs in 10-*M ATP 4758 5362 
Eggs in 10-*M DNP 17 42 
Eggs in 10-*M ATP 

and 10-*M ATP 14 50 
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Ficure 7. Effect of 10*M arsenate on P™ uptake. The initial low level of activity 
represents the background count. Insemination was at zero time. Arrows indicate a change 
in the perfusion solution. 


surface-located ATPase was 7.9 X 10% yumoles/10,000 eggs/hr. Both these 
figures are at the limits of the techniques, and indicate practically no change in the 
ATP in the sea water around the eggs. Therefore, the failure of ATP to relieve 
the DNP inhibition of P** uptake during the lag phase may be due to insufficient 
penetration of the added ATP. 


Effect of arsenate on P** uptake 


Arsenate, because of its structural similarity, is a competitive inhibitor of 
phosphate in a number of enzymatic reactions. 

As shown in Figure 7, a concentration of 10* M sodium arsenate markedly 
inhibits P** uptake. Unlike DNP, this inhibition occurs whenever arsenate is 
applied from fertilization to 344 hours after fertilization. The inhibition is com- 
pletely reversible upon removal (Fig. 7, Table II). A decrease in the rate of 
P*? accumulation sets in within 1 to 5 minutes after the arsenate has first entered 
the chamber, and recovery from this inhibition takes place within a comparable 
period of time upon removal of the inhibitor. When arsenate is applied at fertiliza- 
tion, a limited uptake commences after a lag period that is within the range of 
the normal lag period, for example, 26 minutes in one experiment. Therefore, 
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TABLE II 





Effect of 10~* M arsenate on P® uptake 





setae : Rate of Ps 
Exp. No. Interval after fertilization Perfusion solution uptake, counts, 
min./min. 








1 0-88 min. AsO,, P®-sea water 6.0 














89-143 min. P®-sea water 25.0 

144-200 min. AsO,, P®-sea water 7.0 

2 0-54 min. P®-sea water 20.3 
55-204 min. AsQO,, P®-sea water 6.9 

205-260 min. P®-sea water 28.0 










arsenate does not seem to increase the length of the lag period, but markedly and 
reversibly suppresses penetration during the accumulation phase. 

It has been tentatively concluded by Yéas (1950) that arsenate does not penetrate 
the eggs of the echinoid Lytechinus pictus. This conclusion was based on experi- 
ments that showed that arsenate had no effect on respiration or on cleavage. It 
was assumed that, if it had penetrated, there would have been an interference with 
oxidative phosphorylation, and consequently respiration and cleavage would have 
been affected. An experiment was set up to confirm these observations and extend 
them to S. purpuratus. Small numbers of fertilized eggs were placed in finger 
bowls of sea water containing sodium arsenate at various concentrations five 
minutes after insemination, and ninety-five minutes after insemination. The time 
required for these embryos to attain the early cleavages, and the normality of sub- 
sequent development were then determined (Table III). A concentration of 
arsenate of 10°* M has an almost imperceptible effect on early cleavages and shows 
a clear retardation of development only at early blastula stages. More serious 
retardations set in after 8 hours in 10°* M arsenate, leading to death in an early 
blastula condition at 28 hours, when controls are late blastulae. One hundred- 
fold stronger concentrations delay the first three cleavages by only about 20%, 
although development beyond 8 hours involves increasing abnormalities, with 
death at 22 hours. In experiments not included in Table III, 10-* M arsenate 
showed retardations only a little greater than 10°* M. Only small quantitative 
differences were caused by adding the arsenate at 5 minutes as compared with 
95 minutes after insemination. It is doubtful that arsenate penetrates the eggs at 
an appreciable rate during cleavage. Therefore, the effects of arsenate on phosphate 
uptake are interpreted as evidence for a surface location of the penetration mecha- 





















nism. 










DISCUSSION 


The evidence, taken as a whole, suggests the view that the rapid penetration of 
phosphate into sea urchin embryos is an enzymatically controlled transport. The 
reaction has a temperature coefficient of 2 to 2.3, which is compatible with this 
possibility though not, by itself, conclusive (Danielli, 1952). It is inhibited by 
arsenate, a competitive analogue of phosphate. Furthermore, other investigators 
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Effect of arsenate on development of embryos of S. purpuratus. 


TABLE III 


Solutions were at pH 8.0 and 11.4° C., 


and had an orthophosphate concentration of about 2 X 10-* M. Arsenate was added at 
5 min. (column A) or 95 min. (column B) after insemination 


Time after 


, Controls 
insemination 


50% 2-cell 


hr. 50 min. 


50% 4-cell 





10-* M AsO« 


A 


50% 2-cell 
50% 2-cell 


50% 4-cell 


50% 2-cell 


| 50% 2-cell | 


50% 4-cell 
50% 4-cell 
50% 4-cell 


50% 8-cell 
50% 8-cell 50% 8-cell 
| 50% 8-cell 


32-cell 


50% 32-cell 16-cell, many abnormal 


early blastulae very early blastulae abnormal late cleavage 


dead very early blastuale 


rotating blastulae early blastulae 


early blastulae 


hatching 


dead 


late blastulae 


have found that the uptake is independent of the external phosphate concentration 
over a wide range (Brooks and Chambers, 1954; Chambers and White, 1954). 

That the mechanism of phosphate entry is surface-located seems most probable 
from the results of the arsenate experiments. Arsenate must penetrate only very 
slowly, if at all, into the early cleavage stages. This follows from the observations 
of Yéas (1950) and those reported here, that arsenate, even at the concentration 
of 10°* M, shows little effect on cleavage of these eggs, and retardations occur only 
after some hours. The conclusion is strengthened further by Yéas’ finding that 
0.05 M arsenate does not inhibit respiration of fertilized and cleaving eggs of 
Lytechinus pictus. In marked contrast the strong inhibition exerted by 10-* M 
arsenate on phosphate uptake is evident in a very few minutes. The arsenate must 
have its effect at the surface by competition with phosphate for a surface-located 
transport mechanism, and the reaction is probably not directly linked to respiratory 
metabolism. 

The specific reaction by which phosphate enters the embryo is not definitely 
elucidated by these experiments, but certain possibilities are suggested by the 
arsenate experiments. Arsenate is known to be a competitive analogue of phos- 
phate, and therefore will substitute for it in enzymatic reactions. The resulting 
arsenate compound is usually unstable and is hydrolyzed instantly. The term 
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arsenolysis has been applied to the action of arsenate in splitting organic compounds 
( Doudoroff, Barker and Hassid, 1947). 

Arsenate has been shown to inhibit the enhancement of P** uptake by adenosine 
in mammalian red blood cells (Prankerd and Altman, 1954). In this system 
arsenolysis is presumed to result in a decrease in glyceraldehyde-3-phosphate. The 
conversion of glyceraldehyde-3-phosphate to 1-3-diphosphoglyceric acid near the 
surface of the cell is proposed as the mechanism of phosphate entry into the human 
red blood cell (Prankerd, 1956). The same mechanism could be operative in 
the fertilized eggs, although arsenate would also inhibit other phosphate esterifica- 
tions. 

The time of establishment of the mechanism is within the first 40 to 50 minutes, 
varying with eggs from different animals. Whether its appearance as a functional 
system is during the lag period of 7 to 30 minutes, or whether the subsequent period 
of increasing activity represents the time of establishment is not answered by these 
experiments. The experiments with parthenogenesis show clearly that the estab- 
-lishment of the mechanism is not dependent on the sperm, nor on the existence of 
a normal cleavage mechanism. 

There remains to be considered the relation between the egg’s metabolism and 
the transport mechanism. The presence of DNP during the first 30 minutes 
after fertilization prevents very markedly the later uptake of phosphate. It is 
assumed that DNP is exerting its characteristic uncoupling action and is con- 
sequently inhibiting the formation of high-energy phosphate by aerobic oxidations 
at this time. However, it appears that there is enough energy for this process at 
60 minutes after fertilization despite the presence of DNP. At this time also, 
DNP is presumably having its effect on oxidative phosphorylation since cleavage 
is reversibly blocked. A correlation between oxidative phosphorylation and cleav- 
age has been shown by Clowes, Keltch, Strittmatter and Walters (1950), whose 
experiments demonstrate that the concentration of a substituted phenol that will 
block oxidative phosphorylation in cell-free particulate systems of Arbacia punctulata 
will also inhibit cleavage in the intact egg. The conclusion drawn from this 
similarity in effective concentrations is that DNP inhibits cleavage by interfering 
with high-energy phosphate production. 

Two interpretations of the effects of DNP on P** uptake present themselves. 
According to one, the initial period may be sensitive to DNP because aerobic 
phosphate bond energy is needed for the synthesis of the enzymes of the transport 
mechanism as is the case with adaptive enzyme synthesis (Monod, 1944), or 
perhaps for the spatial rearrangement of the pre-formed system. The later period 
may be insensitive to DNP because the maintenance and operation of the mechanism 
requires smaller amounts of aerobic phosphate bond energy. 

An alternative idea is based on a suggestion from a paper of Siekevitz and 
Potter (1953). It may be that the energy source for the establishment of a 
phosphate entry mechanism is different from that for its maintenance and opera- 
tion. In experiments with rat liver mitochondria they concluded that the ATP 
generated within the mitochondria diffused out and mingled very slowly with that 
generated by glycolysis outside of the mitochondria. Consequently, there may be 
a separation in the functions of the ATP formed in these two locations. Synthetic 

reactions within the mitochondria would preferentially utilize ATP generated 
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locally, while an energy-requiring reaction outside of the mitochondria would be 
served by ATP produced by glycolysis externally. It may be that the establish- 
ment of a phosphate transport mechanism involves enzyme synthesis that is favored 
by ATP formed within the mitochondria. DNP could inhibit such a process by 
its action on the tricarboxylic acid cycle, as the enzymes for this cycle are as- 
sociated with the mitochondria. Once the mechanism is established it might be 
maintained by high-energy phosphate resulting from glycolysis. LDNP presumably 
does not inhibit the formation of high-energy phosphate by this means, although this 
has not been fully investigated (Simon, 1953). Glycolysis has been implicated 
in phosphate uptake by yeast (Rothstein, 1954) and by the mammalian red blood 
cell (Prankerd, 1956). 

The negative results of the experiments testing the efficacy of externally applied 
ATP to overcome the early DNP inhibition are explained by the finding that ATP 
neither penetrates the fertilized eggs of this species, nor is adsorbed to their surface, 
nor is hydrolyzed at their surface in amounts detectable by the rather sensitive 
methods used. This failure of ATP to be efficacious is in contrast to its effect on 
cleavage inhibition by DNP reported by Kriszat and Runnstrom (1951), Barnett 
(1953), and Kriszat (1954). It is doubtful that the tiny amounts of energy that 
could have been available to the eggs, judging from the present data, would be 
sufficient to overcome the inhibitions as found by these investigators. If the eggs 
of their studies were not appreciably more permeable to ATP, one wonders if the 
effects could be ascribed to other substances in their ATP preparations. 

According to the results of Bolst and Whiteley (1957) the rate of penetration 
of phosphate increases rapidly for 35 hours in the embryos of S. purpuratus. This 


is in accord with the present findings that the transport system is surface-located 
because, during the development to the gastrula, the number of cells, and therefore 
the surface area of the embryos, increases through cleavage, and it is reasonable 
to suppose that the newly formed surface would possess the transport mechanism. 


SUMMARY 


1. The accumulation of phosphate by the eggs and embryos of the sea urchin, 
Strongylocentrotus purpuratus (Stimpson) was analyzed by determining the 
action of various metabolic effectors on the uptake of P** from sea water flowing at 
a constant rate over the eggs in a special perfusion chamber. 

2. The rate of uptake of P** by unfertilized eggs is nearly zero. The rate 
for the first 7 to 30 minutes after fertilization (lag phase) is also nearly zero, but 
increases rapidly during the next 20 to 30 minutes (augmentation phase), and be- 
comes maximal 22 to 60 minutes after fertilization (accumulation phase) at a 
level many times that of the unfertilized eggs. 

3. Artificial parthenogenesis, by either the single or double treatment, results 
in the same pattern and magnitude of uptake as does fertilization, even in the 
absence of cleavage. 

4. Phosphate accumulation is markedly inhibited by 10-* M 2,4-dinitrophenol 
if this agent is added during the lag phase, moderately inhibited if added during 
the augmentation phase, but is unaffected if added during the accumulation phase. 

5. Addition of 10°* M ATP simultaneously with dinitrophenol early in the lag 
phase does not alleviate the inhibition caused by the latter. 
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6. ATP neither penetrates into cleaving eggs nor is hydrolyzed by an ATPase 
at their surface. 

7. 10°* M arsenate markedly inhibits P** uptake at all times after fertilization. 

8. Arsenate does not materially retard early development of these sea urchin 
eggs indicating that it does not penetrate into them. 

9, P*®* uptake has a temperature coefficient of 2 to 2.3 during the accumulation 
phase. 

10. The evidence resulting from the use of these effectors indicates that P* 
uptake in sea urchin embryos is enzymatically controlled and that the enzymatic 
mechanism is located on the cell surface. The period immediately following 
fertilization is believed to be a time when the uptake mechanism is being established. 
This process appears to be dependent on phosphate bond energy, the production of 
which is DNP-sensitive. During the accumulation phase it is suggested that the 
energy requirements for the operation and maintenance of this mechanism are 
quantitatively much smaller, or are satisfied by phosphate bond energy the produc- 


tion of which is DNP-insensitive. Possible reasons for this difference in sensitivity 


are discussed. 
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Hopkins Marine Station of Stanford University, Pacific Grove, California 


The deep water sea urchin Allocentrotus fragilis occurs offshore at Pacific 

Grove at depths of 80 to 100 fathoms. The temperature of this environment is 

fairly constant at 8° C. During the past two years it has been possible, at this 

Station, to study the embryological development of this form under laboratory 

Normal development of the fertilized eggs proceeded at 7°-15° C., 
- 


conditions. 
ariation at the upper limit, 


Lower temperatures were not tried. There was some 
the eggs of some females not developing. normally above 14° C. while others yielded 
At ordinary room temperature (20° C.), 


normal embryos at 16° and 17° C. 
A study of this 


however, cytoplasmic cleavage is not normal if it occurs at all. 
effect may throw some light on the behavior of cytoplasm and nucleus in cell division. 

In order to determine whether the nucleus might be responsible for the failure 
of cleavage at 20° C., the viability of the nucleus was tested by putting it to develop 
in the hardy cytoplasm of Strongylocentrotus purpuratus. The eggs of this purple 
sea urchin develop normally at the higher temperature, and when fertilized with 
the sperm of Allocentrotus fragilis they segment and develop into normal plutei at 
20° C. Similarly the eggs of the sand dollar Dendraster excentricus fertilized with 
the sperm of Allocentrotus fragilis segment normally at the tempo of Dendraster. 
Such hybridized eggs develop into plutei, which, in their form, show the cross to be 
a true one. Hence the male nucleus has taken part in development. Thus, while 
the cytoplasm of Allocentrotus is inactivated at a temperature of 20° C., the nucleus 
of this species, if given a proper medium, functions normally. 

Visual proof of the fact that this nucleus also functions in the egg of its own 
species even at 20° C. is shown by putting fertilized eggs of Allocentrotus to 
Here the nuclei undergo regular division while the cytoplasm 


develop at 20° C. 
undivided (Figs. 1 and 2). Now these eggs had 
| 


remains apparently inert, /.¢., 
formed normal fertilization membranes at the outset before being put at the higher 
temperature. Therefore there is no reason to suppose that here we are dealing with 
a Sugawara (1943) effect in which failure of the fertilization membrane to lift results 
in constriction of the egg to its original volume with the results that cleavage of 
the egg is inhibited but nuclear division proceeds. Eventually the eggs with which 
we are dealing, after many nuclear divisions, disintegrate. This experiment gives 
further proof that in the early stages the nucleus is more resistant to higher 
temperatures than its cytoplasm and carries out its divisions independently of the 
cytoplasm. 

In the later stages of development, when the cytoplasm has become comminuted 
into the thousand odd cells of blastula and gastrula, the spatially relative situation 


of nucleus and cytoplasm is quite different. If now the advanced larvae ot 
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Figure 1. Normal 8-16 cell embryos at 15° C. Figure 2. Same at 20° C. Ficure 3. 
Five-day pluteus developed at 15° C. Figure 4. Five-day plutei in which the temperature was 
changed to 20° C. after development to gastrulae at 15° ( Magnification 95 X. 


Allocentrotus were transferred from the cold room where they had developed to a 
warm room with a temperature of approximately 20° C., it was found that the 
higher temperature no longer exercised a lethal effect on the cytoplasm, but that 
such larvae reached the pluteus stage (Figs. 3 and 4). These plutei were smaller 
and less elaborate than the normal ones developed at the low temperature. 


DISCUSSION 


Generally speaking the problem of cleavage has been attacked from the point 
of view of colloidal behavior, the relation of cytaster formation to the constitution of 
the cell which is the substance of the egg. Cleavage is a process initiated by the 
entry of the sperm into the egg and the formation of the membrane. In artificial 
parthenogenesis the formation of the membrane is sufficient to initiate the develop- 
ment of cytasters and subsequent cleavage of the egg. A second factor has been 
suggested by Swann (1952) who postulates the active agents in cleavage to be 
catalytic substances released from the chromosomes of the sperm nucleus. These 
he has termed “structural agents.” 
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In the foregoing experiments we have evidence that the differences in the inter- 
action of nucleus and cytoplasm described depend on the nuclear-plasma relation, 
Thus in the early stages of development the mass of the cytoplasm compared to that 
of the nuclei is relatively enormous and the distance of the nucleus from the 
periphery, it seems reasonable to suppose, may be too great for the cytoplasm to be 
significantly affected by substances diffusing from the nucleus. It should be noted 
that the nucleus in the first division is dominated in the tempo of cleavage by the 
cytoplasm. This has been clearly shown in the case of Dendraster which has a 
cleavage time for the first division of 55 minutes at 20° C. If the experiment be 
made of enucleating the egg of Dendraster and then fertilizing it with the sperm 
of Strongylocentrotus, the cleavage time of which is approximately 100 minutes, 
the subsequent division of the nucleus and cytoplasm of the experimental egg takes 
place in the time characteristic of Dendraster, i.e., of the cytoplasm and not of the 
nucleus. Thus the normally slow nucleus is forced by the cytoplasm to divide in 
a little more than half the time normal to it ( Moore, 1933). 

As to the difference in their reaction to the higher temperature on the part of 
the fertilized eggs of Allocentrotus contrasted with that of blastulae and gastrulae, 
it may be suggested that, in the latter, the nuclei are in such intimate contact with 
the cytoplasm that they confer some of their hardiness on it and are able to do this 
because of the close association of the two phases. Such an effect becomes under- 
standable if we accept Swann’s hypothesis as to the part played by the nucleus in 
the cleavage of the egg. Using Chambers’ (1951) demonstration in the amoeba 
that the nucleus dynamically affects the edge of the cell next to it, Swann has 
suggested that the origin of the furrow in the first division is caused by a cleavage 
substance which diffuses from the chromosomes of the sperm nucleus to the 
periphery of the egg and initiates cleavage. In the present experiments Swann’s 
hypothesis seems not to apply in the early stages of cleavage. In later stages, 
however, this hypothesis may give a reasonable explanation of the division of cells 
in advanced larvae at higher temperatures. Thus, while in the early stages of 
cleavage the cytoplasm dominates the formation of the furrow and the tempo of 
cleavage, the situation is altered later where successive divisions of the cytoplasm 
have brought the chromosomes into intimate relations with the cytoplasmic units. 
This would give play to the diffusion of cleavage substances from the chromosomes 
to the periphery as Swann has postulated. Since the effect of the higher tem- 
perature on the further development of blastulae and gastrulae is to make the 
resulting plutei defective, it seems reasonable to suggest that at the time of change 
only a part of the synthesis of structural elements has been completed and that the 
higher temperature to which they were subsequently exposed has inhibited the 
completion of structural processes essential to the form of the normal pluteus. 


SUMMARY 
1. The eggs of the deep water sea urchin Allocentrotus fragilis develop normally 

to plutei under laboratory conditions at 7°-15° C. ; 
2. At the higher temperature of 20° C. cytoplasmic division fails but the nuclet 

show characteristic mitotic figures. 

3. The sperm nucleus of Allocentrotus fragilis functions normally at higher 
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temperatures in the eggs of Strongylocentrotus purpuratus and Dendraster 


excentricus. 

4. Blastulae and gastrulae of Allocentrotus fragilis brought to a temperature 
of 20° C., which is lethal for the eggs and early division stages, develop into plutei 
of reduced size. 

5. It is suggested that in the advanced larvae hardiness to the higher tem- 
perature is the result of the intimate association of nucleus and cytoplasm in the 
minute cells, and the synthesis of structural elements and processes at the lower 
temperature. 
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A REVISION IN THE SPHAEROMID GENUS GNORIMOSPHAEROMA 
MENZIES (CRUSTACEA: ISOPODA) ON THE BASIS OF MOR- 
PHOLOGICAL, PHYSIOLOGICAL AND ECOLOGICAL 
STUDIES ON TWO OF ITS “SUBSPECIES” 


J. A. RIEGEL ! 


Department of Zoology, University of California, Dazts, California 


During a recent study into the physiology of osmoregulation in sphaeromid 
isopods (Riegel, 1959), an interesting problem was brought to light concerning the 
taxonomy of Gnorimosphaeroma oregonensis (Dana, 1852). Menzies (1954a) 
split the species into two subspecies, /utea and oregonensis. G. 0. oregonensis was 
described as a typical intertidal bay form, inhabiting the undersides of rocks in 
waters whose salinity approached that of normal sea water. G. o. lutea was de- 
scribed as a creek or pond dweller confined to waters of low salinities and often 
associated with mud and vegetation. Differences in osmoregulatory ability and 
ecological requirements, as well as morphological differences, lead the writer to 
doubt the validity of Menzies’ subspecies. 

Riegel (1959) performed experiments on specimens from fresh-water, estuarine 
and bay populations of Gnorimosphaeroma oregonensis to test their osmoregulatory 
abilities. He found that specimens of the bay form |= G. 0. oregonensis (Dana) | 
could neither regulate their body fluid concentration within viable limits nor survive 
for longer than a few days in fresh water. Specimens of the estuarine and fresh- 
water forms of G. oregonensis (= G. o. lutea Menzies 1954) were able to regulate 
their body fluid concentrations within viable limits and survive for over three weeks 
in salinities ranging from fresh water to 125 per cent sea water. Specimens of 
the fresh-water form, when in 50 per cent sea water or less, could maintain 
significantly higher body fluid concentrations than could specimens of the estuarine 
form. All forms of G. oregonensis were found to regulate hyper-osmotically in 
dilute media and hypo-osmotically in salinities just below or above normal sea 
water. 


The present paper reports the results of experiments and observations designed 
to clarify the taxonomic position of the “subspecies” of Gnorimosphacroma 
oregonensis described by Menzies (1954a). The differences which prompted the 
unofficial separation of that species into three habitat groups (i.c., estuarine, fresh- 
water and bay forms) in a previous paper (Riegel, 1959) are no longer under 
primary consideration, so to avoid confusion, Menzies’ subspecific names will be 
used throughout the balance of this paper. 


METHODS 


Experiments were conducted to determine the effect of salinity on the mor- 
phology of Gnorimosphaeroma oregonensis lutea and G. 0. oregonensis. One 


1 Present address: Department of Zoology, State College of Washington, Pullman, Wash- 
ington. 
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hundred young of each “subspecies,” newly emerged from the brood pouch, were 
placed in separate finger bowls containing rocks and normal sea water. The normal 
sea water in which the young G. 0. oregonensis were placed was diluted over a 
period of two weeks to ten per cent sea water. Controls consisting of newly- 
emerged young of both “subspecies” were kept in normal habitat water, but other- 
wise under identical conditions. The young isopods were fed slices of frozen 
shrimp occasionally, and the water was changed weekly. 

In another experiment, more than two hundred ovigerous females (plus over a 
hundred males and immature individuals) of Gnorimosphaeroma oregonensis lutea 
were placed in a large plastic tub containing normal sea water and otherwise simula- 
ting the natural habitat as closely as possible. The “brood pouches” of the fe- 
males contained eggs and embryos in all stages of development. The animals were 
fed slices of frozen shrimp occasionally. Samples of twenty young were removed 
from the tub each week (for three months) and examined for possible morphological 
differences created by the high salinity. This experiment was done in order to sub- 
ject specimens of G. o. lutea to high salinity as early in their embryological develop- 
ment as possible, in case the effect of salinity (as measured in the first experiment, 
described above) is no longer exerted on the morphology of the animals after they 
leave the brood pouch. 

To ascertain to what extent (if any) populations of Gnorimosphaeroma orego- 
nensis lutea and G. o. oregonensis intergrade ecologically, the writer made exten- 
sive surveys in San Francisco Bay, Tomales Bay, and coastal inlets from Half Moon 
Bay, San Mateo County, to Stillwater Cove (near Fort Ross), Sonoma County, 
California. 

As the result of handling large numbers of Gnorimosphaeroma oregonensis lutea 
and G. 0. oregonensis, the writer observed that the body in the latter form seemed 
relatively broader than in the former form. Therefore, measurements of length 
and width were taken of random samples of the two “subspecies” from various 
localities and salinities. From these measurements, length/width ratios were 
calculated and analyzed statistically. 


RESULTS 


The newly-emerged young of Gnorimosphaeroma oregonensis lutea and G. o. 
oregonensis died slowly over a six-week period. That their deaths were not due to 
salinity alone is indicated by the fact that the controls also died slowly. However, 
during the six-week period, some growth was detected (both by increase in size and 
the presence of cast-off exoskeletons), but no changes in the morphology of the 
animals were seen. 

The young removed from the plastic tub in which were kept the ovigerous fe- 
male Gnorimosphaeroma oregonensis lutea all showed the typical morphology of 
that “subspecies.” Of particular significance was the fact that young which under- 
went their entire development in normal sea water showed no change from the 
typical morphological configuration of G. 0. lutea. These were young hatched from 
eggs which were in the “brood pouches” of the females when the females were 
originally placed in normal sea water. At the end of the experiment, no ovigerous 
females were found in the plastic tub and many of the young were half grown 
(3-5 mm. long). 
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The results of surveys designed to determine the degree of ecological intergra- 
dation between Gnorimosphaeroma oregonensis lutea and G. 0. oregonensis were 
as follows: G. 0. oregonensis was found in only three locations, Stillwater Cove, 
Point San Quentin in San Francisco Bay, and Tomales Bay State Park in Tomales 
Bay. G. o. lutea was found in Pilarcitos Creek draining into Half Moon Bay, 
several creeks draining into Tomales Bay, and in the Napa River and several creeks 
draining into the northern end of San Francisco Bay. In only one location did the 
two “subspecies” occur in the same general area, which was at Tomales Bay State 
Park. At the other locations cited above for G. 0. lutea, conditions were probably 
not suitable for G. 0. oregonensis, since the substrate was either muddy or sandy 
and lacked the rocks and loose rubble which characterize the habitats from which 
the writer has collected the latter form. At Tomales Bay State Park, where the 
two “subspecies” occurred together, there was a sharp break in their respective 
habitats. G. 0. lutea was found in a small creek among the vegetation and under 
rocks. Little more than 50 feet away, but in the intertidal area of the rocky beach, 
G. 0. oregonensis was collected from under rocks and among the loose rubble. The 
only known barrier present was the very dilute salinity of the creek water (fresh 
to taste), which would probably prevent G. 0. oregonensis from entering the creek. 
Since G. o. lutea is capable of living in salinities approaching normal sea water, 
there appeared to be no salinity barrier to its colonization of the intertidal area. 
However, no specimens referable to G. o. lutea were found in the G. 0. oregonensis 
habitat, and no specimens of G. 0. oregonensis were found in the G. o. /utea habitat. 
At Stillwater Cove, G. 0. oregonensis were collected in the loose rubble and under 
stones intertidally. There was a small stream running into the cove, which ap- 
peared suitable for habitation by G. o. lutea, but that form was not found there. 

From measurements of the body length and width of random samples of ten 
specimens of each of the two “subspecies,” the following ratios were found. The 
length/width ratio of the body of Gnorimosphaeroma oregonensis oregonensts 
averages 1.64 + 0.021, with a range of 1.50 to 1.75. The length/width ratio of the 
body of G. o. lutea averages 1.84 + 0.018, with a range of 1.70 to 1.96. The 
mean differences were found to be highly significant statistically (¢ = 7.29). Sub- 
sequent checks of specimens of both “subspecies” from different localities and 
salinities made since the above measurements were taken bear out the decided 
separation in the range of length/width ratios between G. 0. oregonensis and G. 0. 
lutea. 


DIscuSSION 


Osmoregulatory ability in relation to ecology 


In general, the osmoregulatory abilities of the various experimental groups re- 
ported in a previous paper (Riegel, 1959) and summarized in the present paper, 
agree well with their habitat and distribution according to salinity tolerance. 

The fresh-water form of Gnorimosphaeroma oregonensis lutea is a good osmoreg- 
ulator, which would be expected of a successful invader of fresh water. One 
barrier to complete adaptation to fresh water, namely, the ability to reproduce and 
rear young in that medium, possibly has been circumvented by this form. The 
brood pouches of most isopods are formed by flaps (odstegites) projecting medially 
from the bases of four pairs of thoracic legs. The developing eggs and embryos 
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are held between the overlapping flaps and the sternum. However, in the Sphaero- 
midae, the eggs and embryos are carried in various types of internal “brood 
pouches” (Menzies, 1954b) which in G. oregonensis (sensu lato) are separated from 
the body fluid only by a thin and presumably permeable membrane. Thus, by regu- 
lating the body fluids osmotically, the sphaeromid probably can regulate the osmotic 
environment of the eggs and embryos. Young G. o. lutea which hatched out in the 
laboratory survived for several weeks in fresh water. Whether reproduction in 
fresh water is dependent upon the internal “brood pouch” of G. o. lutea or due to 
osmoregulatory ability or osmotic resistance of its embryos and eggs is not known. 

Populations of Gnorimosphaeroma oregonensis lutea living in brackish water 
must adjust to salinity variation of at least two types: (1) Daily fluctuations in 
salinity of relatively short duration during the tidal cycles, and (2) seasonal fluctua- 
tions due to rainfall and runoff from melting snow. Measurements of habitat 
salinity and body fluid concentration changes during a portion of a tidal cycle 
(Riegel, 1959) showed the pattern of salinity fluctuations to which an estuarine 
population of G. o. lutea adapted. Between a period from low to high tide, the 
salinity of the habitat varied from fresh water (0.27% sea water) to 65 per cent 
sea water. During the same period, the body fluid concentrations of the resident 
G. o. lutea varied from 50 per cent sea water (in fresh water) to 70 per cent sea 
water (in 65% sea water). Another population of the “subspecies” which lived 
in a pond situation away from tidal salinity influences had to adjust to salinities as 
high as 60 per cent sea water during the late summer and fall, and as low as ten per 
cent sea water during the winter and spring periods of rain and heavy runoff from 
melting snow. 

The internal “brood pouch” of Gnorimosphaeroma oregonensis living in 
brackish water is of possible value as a “buffering” mechanism to prevent damage 
to eggs and embryos by extreme fluctuations in the salinity of the habitat, especially 
in the lower salinity ranges. 

Gnorimosphaeroma oregonensis oregonensis has never been collected from salini- 
ties approaching fresh water. The lowest salinity recorded in its habitat was about 
12 per cent sea water, which occurred during a period of particularly heavy rains; 
presumably, this form is capable of surviving for short periods in such low salini- 
ties. Further, it is improbable that the animals must ever endure prolonged ex- 
posure to low salinity. During low tide, they are always found down in the 
coarse rubble on the beach. During conditions of low salinity in the general habitat, 
it is probable that in their microhabitat the salinities are higher due to water trapped 
by spaces in the rubble, leaching of residual salts from the rubble and evaporation. 


Osmoregulation and other factors in relation to systematics 


__ As mentioned previously, Menzies (1954a) split Gnorimosphaeroma oregonensis 
into two subspecies, G. 0. oregonensis and G. o. lutea. However, because of dif- 
ferences in their osmoregulatory physiology and habitat preference, the validity of 
Menzies’ subspecies is questioned by the writer. 

The biological species is defined by Mayr et al. (1953, p. 313) as consisting of 
“groups of actually (or potentially) interbreeding natural populations which are 
reproductively isolated from other such groups.” Mayr et al. define a subspecies 
(p. 314) as “a geographically defined aggregate of local populations which differs 
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taxonomically from other such subdivisions of the species.” Let us analyze Gnori- 
mosphaeroma oregonensis in the light of the above concepts. 

Gnorimosphaeroma oregonensis occupies a very extensive range from Alaska to 
central California. From the distribution records (Menzies, 1954a), it appears 
that the species is broken up into fresh-water, estuarine and intertidal bay popula- 
tions throughout its range. Barring the unlikely occurrence of multiple local evolu- 
tions, it is probable that the same mechanism(s) has created the G. o. lutea and 
G. 0. oregonensis “subspecies” over the entire range. Therefore, at least three 
possibilities concerning the origin of the various forms present themselves. (1) 
The bay and estuarine-fresh-water forms separated long ago (in the sense of geologi- 
cal time) and both are still capable of distributing themselves across open ocean 
barriers. (2) The bay form has given rise to the estuarine-fresh-water form 
recently (or vice versa). (3) The morphological, physiological, and ecological 
differences between the two “subspecies” are salinity-induced and the two forms 
represent ecotypes of the same species. If the first alternative is true, the two 
“subspecies” are probably separate species. If the second alternative is true, they 
may be true subspecies. 

There are only two apparent morphological differences between Gnorimosphae- 
roma oregonensis oregonensis and G. o. lutea—a difference in the morphology of the 
pleotelson (Fig. 1) and a difference in body proportions. According to Menzies 
(1954a), the third pleonite in G. 0. lutea does not reach the lateral border of the 
pleotelson, but in G. 0. oregonensis it does. Examination by the writer of several 
hundred specimens of each form taken from several localities and various salinities 
confirms Menzies’ observation and shows also that the difference in pleotelson 
structure is remarkably consistent. Further, there were no intergrades with respect 
to this diagnostic character. The writer observed that the body in G. 0. oregonensis 
seemed relatively broader than in G. 0. lutea. Measurements of body length and 
width of specimens of the two “subspecies” from various localities and salinities 
bore out this observation and showed that there is a significant separation between 
the two forms in the average length/width ratio of the body. 

The osmoregulatory abilities of the two supposed subspecies show striking dif- 
ferences. Gnorimosphaeroma oregonensis oregonensis was unable to survive in 
fresh water, at least under experimental conditions (see Riegel, 1959). G. o. lutea 
lived for several days in all salinities under the experimental conditions. 

The ecological differences between the two “subspecies” are well-marked and 
possibly associated, at least in part, with the above-mentioned physiological dif- 
ference. Gnorimosphaeroma oregonensis oregonensis lives intertidally in bays. 
During periods of low tide, it remains down in the coarse rubble on the beach, 
where it is out of water, but in very moist conditions. During high tide, it leaves its 
hiding places and presumably forages for food. G. o. lutea lives in estuaries and 
fresh-water streams and ponds. It is usually associated with mud and vegetation, 
but occasionally it may be collected from rocky bottoms of small streams. It lives 
among the roots of aquatic plants and in cracks in mud, rock, wood, and in burrows 
made by other animals. Of special interest in regard to the ecological separation 
of the two forms is the fact that G. o. lutea is fully capable of occupying the G. 0. 
oregonensis habitat (taking into consideration only the former form’s salinity 
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Ficure 1. A. Diagram of Gnorimosphaeroma oregonensis lutea showing the whole animal 
and the details of its pleotelson morphology. B. Diagram of the pleotelson morphology of 
Gnorimosphaeroma oregonensis oregonensis (A and B after Menzies, 1954a). 


tolerance), but it does not do so. Further, as far as can be ascertained, there are 
no natural hybrids between the two forms. 

The osmoregulatory and ecological characteristics of Gnorimosphaeroma orego- 
nensis oregonensis and G. o. lutea have been considered as adaptive in the sense of 
Allen (quoted by Pantin, 1932), who suggested that adaptation be measured by 
survival. From the teleological vantage point afforded by the experiments and 
observations presented in this paper, it appears that the ability of the two “sub- 
species” to survive within their respective habitats is correlated with their ability to 
osmoregulate and survive in various experimental dilutions and concentrations of 
sea water. Caution must be exercised in making statements concerning the actual 
barrier(s) or “selective factor(s)” which has permitted one form of G. orego- 
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nensis to invade and exploit a new environment (estuaries and fresh water) to the 
exclusion of the other. From the experimental data, salinity appears to be a major 
factor, but it is possible that such is not the case. Prosser (1957) has pointed out 
that gradual acclimatization to various environmental stresses can often alter an 
organism’s response to those stresses. Anderson and Prosser (1953) showed 
that specimens of the blue crab, Callinectes sapidus, collected from dilute salinities 
survived better and maintained higher blood osmo-concentrations in dilute sea 
water than blue crabs collected from higher salinities. However, after acclimatiza- 
tion to 100 per cent sea water for one week, the crabs from dilute sea water ap- 
proached the crabs from higher salinities in their survival ability and tolerance to 
osmotic stress. Anderson and Prosser did not indicate whether gradual ac- 
climatization of specimens of C. sapidus from high salinities to low salinities 
would have altered their osmotic behavior. They stated that the observed dif- 
ferences in osmoregulatory and survival ability between the specimens from dilute 
and more concentrated sea water were due to phenotypic (non-genetic) osmotic 
adaptation. Lockwood and Croghan (1957) found that fresh-water specimens of 
the isopod, Mesidotea entomon, could be acclimatized to 100 per cent sea water, but 
specimens of the species taken from brackish water could not be acclimatized to 
fresh water. Therefore, they felt that the presence of a distinct fresh-water race 
was indicated. A species of sand worm, Nereis diversicolor, has been considered as 
being composed of physiologically distinct races because of differences in ability to 
tolerate dilute salinities between specimens from populations over different parts 
of its wide range. Smith (1955) concluded from studies of chloride ion regula- 
tion of specimens of the species from England, Scotland, and Finland that the experi- 
mental evidence suggested only non-genetic variation between the specimens from 
different populations. In the present work, an attempt has been made to determine 
the effect of salinity on the morphology of the experimental animals when raised 
under abnormal salinity conditions, but nothing has been learned about the effect 
of rearing in foreign salinities on the osmoregulatory response of the animals. 
Adult specimens of Gnorimosphaeroma oregonensis oregonensis were gradually 
(over ten days) acclimatized to low salinities, but they could survive only for 
less than two days in ten per cent sea water or less. 

Referring to the three stated alternatives—are Gnorimosphaeroma oregonensis 
oregonensis and G. o. lutea subspecies, ecotypes, or separate species ?—the writer 
presents the following conclusions. The lack of morphological and ecological inter- 
grades between the two forms and their apparently discontinuous distribution 
rule out, in the writer’s opinion, the possibility that they are true subspecies. 
Since there is no evidence, thus far encountered, to indicate that G. 0. oregonensis 
and G. o. lutea are ecotypes of the same species, only a remote possibility persists 
that such is the case. The morphological differences between them are,not cor- 
related with any known factor in their environment, which is perhaps not to be 
expected, but some adaptive relationship is commonly seen in ecotypes. Further, 
specimens of G. o. lutea hatched and reared in habitat conditions close to those of 
G. 0. oregonensis retained (at least for three months) their typical morphological 
configuration. Therefore, the writer is of the opinion that the two “subspecies” 
are actually species. To establish beyond all question their status as true species, 
it would be necessary to extend salinity tolerance tests on early developmental stages 
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and immature individuals and to perform breeding experiments on the two forms 
to establish whether or not actual interbreeding is possible, and if so, whether the 
hybrids are fertile. Until such time as the above-described tests can be accom- 
plished, the best disposition of the case seems to be to propose that G. 0. orego- 
nensis and G. o. lutea be considered full species. As stated by Prosser (1957, p. 
363), “most functional variation among animal populations appears to be either 
non-genetic or specific ; relatively little is racial.” Thus G. 0. oregonensis becomes 
G. oregonensis (Dana, 1852) and G. o. lutea becomes G. lutea Menzies 1954. For 
complete descriptions of the two species, a review of their taxonomy and distribu- 
tion and the disposition of types, the reader is referred to the paper by Menzies 


(1954a). 


The writer wishes to express his gratitude to Professor Milton A. Miller, of 
the University of California, Davis, for his many comments and suggestions in the 
period during which this study was in progress. For their generous comments 
and criticisms during one or another stage in the development of the manuscript, 
the writer conveys sincere thanks to Dr. Ralph I. Smith, of the University of Cali- 
fornia, Berkeley, Professor C. Ladd Prosser, of the University of Illinois, Professor 
Maurice James, of the State College of Washington, and Dr. Robert J. Menzies,” of 
the Lamont Geological Laboratories, Columbia University. 


SUMMARY 


1. In the writer's opinion, Menzies’ determination that Gnorimosphaeroma orego- 
nensis consists of two subspecies is not valid, since there is no apparent morphologi- 
cal and ecological intergradation between the two, and their distribution is dis- 
continuous. 

2. There is no evidence that the two forms are ecotypes. The morphological 
differences between them are not correlated with any known factor in their environ- 
ment, and Gnorimosphaeroma oregonensis lutea hatched and reared for three months 
in habitat conditions close to those of G. 0. oregonensis retained their typical mor- 
phological configuration. 

3. It is the opinion of the writer that until such time as extensive rearing and 
breeding tests can be performed, it is best to propose the elevation of the two sub- 
species to full species status. 
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STUDIES ON THE PHYSIOLOGICAL VARIATION BETWEEN 
TROPICAL AND TEMPERATE ZONE FIDDLER CRABS OF 
THE GENUS UCA. II. OXYGEN CONSUMPTION OF 
WHOLE ORGANISMS? 


F. JOHN VERNBERG 2 


Duke University Marine Laboratory, Beaufort, North Carolina and the Department of Zoology, 
Duke University, Durham, North Carolina 


The year 1936 marked a new era in investigating compensatory adaptation of 
the rate of metabolism in organisms from different latitudes. In this year Sparck, 
Thorson, and Fox independently reported on intra- and interspecific differences in 
rate functions of organisms in Greenland, the North Sea, and the Mediterranean 
Sea. Since then a number of other papers dealing with this subject have appeared 
and recently Prosser (1955) and Bullock (1955) reviewed this area of study. 

Studies of the physiological variation of latitudinally isolated populations of 
fiddler crabs, genus Uca, were undertaken to determine the extent of this variation 
and to correlate these results with their distribution. The first paper in this series 
(Vernberg and Tashian, 1959) dealt with a study of the thermal death limits of trop- 
ical and temperate zone animals as affected by thermal acclimation. The present paper 
reports on their rate of oxygen consumption as influenced by starvation, size, season 
and temperature. Although it may be a question as to what constitutes a valid 
measure of climatic adaptation, it was felt that the rate of oxygen uptake would 
reflect changes in the physiological response of a total organism more nearly than 
studies involving its component parts. Subsequent studies will deal with dif- 
ferences in tissue and enzyme activity in respect to climatic adaptation. 

Rather than attempt to review all the literature relating to this general problem, 
the present paper will be restricted to those papers pertaining to oxygen con- 
sumption. 

Thorson (1936), comparing metabolic rates of lamellibranchs from Greenland 
and the Mediterranean, reported the following general facts (p. 121): “Hence it 
would seem that species with a northerly distribution have a higher metabolism than 
southerly distributed species of the same genus at the same temperature. .. .” 
He also found a close correlation between oxygen consumption and habits of 
animals, in that epifaunal forms have a comparatively higher metabolic rate than 
digging species and level-bottom species. In addition, he noted that certain arctic 
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species are very sensitive to slight increases in temperature. 
lamellibranchs, Sparck (1936) obtained similar results. 

The work of Fox and subsequent papers in collaboration with Wingfield cite 
further evidence relating to this problem. When comparing metabolic rates of 
pairs of marine organisms from Kristineberg, Sweden and Plymouth, England, 
Fox (1936) found the reverse metabolic-temperature response reported by Thor- 
son and Sparck, i.e., the rates of the warmer-water species were higher than their 
Swedish counterparts when measured at the normal temperature at which the 
species were collected. However, he reported that the rate of respiratory move- 
ments of southern forms at 16.5° C. was the same as northern forms at 5.5°. In 
1937 Fox and Wingfield, studying two additional species, one from northern waters 
and the other one from more southern waters, observed that the metabolic-tem- 
perature curves obtained for whole animals and isolated muscle tissue were parallel. 
They concluded that the greater rate of oxygen consumption of warm water 
animals is due to greater non-locomotory metabolism. However, in later papers 
by Fox (1939) and Wingfield (1939), they stressed that when taking into con- 
sideration such factors as body size and season aquatic poikilotherms from the 
north usually will exhibit a higher rate of physiological function at a given tem- 
perature than their more southern relatives. Later Berg (1953) reviewed these 
results of Fox and Wingfield and concluded that most of the exceptions cited by 
them actually showed some degree of acclimation. 

In 1953 Scholander et al. measured the rate of oxygen consumption at various 
temperatures of 38 species of tropical and arctic poikilotherms, including fishes, 
crustaceans, insects and spiders. They concluded that there is considerable, but 
incomplete, metabolic adaptation in aquatic arctic forms relative to aquatic tropical 
species, while terrestrial insects revealed slight adaptation if at all. They were 
of the opinion that no evidence has been found to show that organisms are adapted 
to temperate fluctuation by being metabolically insensitive to temperature changes. 

Reporting on metabolic rates of the two sub-species of Uca pugnax from 
Trinidad, B.W.I., Florida, North Carolina and New York, Tashian (1956) found 
marked differences in the response of species from the tropical and temperate zone. 
Recently Tashian and Vernberg (1958) have elevated these sub-species to the 
specific level. Data on oxygen uptake of latitudinally isolated populations of Uca 
pugilator have been reported by Edwards (1950) and Démeusy (1957). Roberts 
(1957a, 1957b) studied the shore crab, Pachygrapsus crassipes, from different local- 
ities on the west coast of California and Oregon and reported a difference in the 
resting metabolism which could be attributed to compensation for local temperatures. 
Results of the present paper, while further substantiating some of the findings of 
the above workers, also breach the gap between some apparent differences reported 


by various investigators. 
MATERIAL AND METHODS 
Fiddler crabs are an excellent group of animals to study as they are abundant 
over most of the eastern coastline of the Americas and islands of the Caribbean 
(Rathbun, 1918). The various species have either temperate zone or tropical 
zone affinities, and, in addition, there is an area of overlap of some northern and 
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some southern forms along the northeast coast of Florida (Tashian and Vern- 
berg, 1958). 

Animals used in this study were collected from the following areas: Beaufort, 
North Carolina, latitude 35° ; Alligator Harbor, Florida, latitude 30° ; and Jamaica, 
West Indies, latitude 18°. Experimental studies on fiddler crabs from North 
Carolina and Florida were conducted either at the Duke University Marine Lab- 
oratory or at Duke University, and tropical species were studied at the University 
College of the West Indies, Jamaica. The following is a brief description of the 
range and local distribution of the seven species of Uca used in this study. 

Uca minax (Le Conte). Ranges from Massachusetts to Texas (Rathbun, 
1918). In the region of Beaufort, North Carolina this species is typically found 
in the section of the Spartina marsh which is farthest from the banks of the drainage 
ditches and immediately preceding the Salicornia-Distichlis zone. 

Uca pugilator (Bosc). Ranges from Massachusetts to Texas (Rathbun, 1918). 
Usually this species is associated with the sandy-muddy beaches of either the 
protected areas of the harbor or along the sandy sections of the salt marshes. 

Uca pugnax (Smith). Ranges from Massachusetts to northeast Florida 
(Tashian and Vernberg, 1958). Locally this species is found on mud flats along 
with U. pugilator or in muddy areas of the Spartina marsh. 

Uca rapax (Smith). Ranges from northeast Florida to Brazil (Tashian and 
Vernberg, 1958; de Oliveira, 1939). In Florida this species may be found along- 
side U. pugnax or more generally nearer the high tide level in sandy soil. In 
Jamaica this species was collected in many habitats ranging from sandy soils to 
mangrove swamps. 

Uca mordax (Smith). Ranges from the Bahamas and the Gulf of Mexico 
to Brazil (Rathbun, 1918). In Jamaica this species was frequently collected on 
sandy-clay flats and among mangrove roots. 

Uca thayeri (Rathbun). Ranges from northeast Florida to Brazil. This 
species was abundant in muddy banks of drainage ditches where U. rapax were 
frequently caught. 

Uca leptodactyla (Rathbun). Found from the west coast of Florida and the 
Bahamas to Brazil (Rathbun, 1918). A small-sized species which was found only 
on protected sandy-mud beaches. 

The three species of fiddler crabs studied from North Carolina were Uca minax, 
Uca pugnax and Uca pugilator. In Jamaica, determinations were made on U. 
leptodactyla, U. rapax, U. mordax and U. thayeri. U. rapax and U. mordax 
came from the Port Henderson area, while U. leptodactyla were collected from the 
swamp near the Morant Point Lighthouse, and U. thayeri from Port Morant. Only 
U. rapax were studied from Alligator Harbor, Florida. 

After collecting the animals and bringing them to the laboratory, they were 
rinsed in sea water and placed in aquaria containing about one-half inch of sea 
water. Animals kept as a general supply were exposed to hamburger, fish and 
Pablum once or twice a week for about 12 hours and then the sea water was 
changed. Most of the animals appeared to be feeding and in a good state of 
nutrition as fecal pellets were readily observed and mortality was low. Individuals 
to be used experimentally were isolated in marked glass containers and then sub- 
jected to the condition of the experiment. 
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Oxygen consumption was determined by means of standard manometric tech- 
niques (Umbreit, 1957). A large-sized respirometer flask (volume about 125 cc.) 
was connected to a conventional Warburg manometer for all determinations, except 
in the series of experiments involving the smallest sized species, U. leptodactyla, 
where a flask with a volume of 8 cc. proved to be better. A measured amount of 
filtered sea water was introduced into a flask containing an organism. The salinity 
was not measured each time but sporadic measurements gave values ranging from 
31 to 35 0/00. In all cases a determination of the rate of oxygen consumption 
involved only one organism per flask. Ten per cent KOH was used to absorb 
CO,. Flasks were not shaken as this understandably proved to be too excitatory 
to the animals. All results are expressed as yl. oxygen consumed/minute/gram of 
wet weight. Determinations of oxygen consumption were made over a graded 
temperature series by the use of a thermally controlled water bath. Preliminary 
studies showed that the time interval required for thermal equilibration and for 
the rate of oxygen uptake to reach a somewhat steady level varied inversely with 
temperature. Only oxygen consumption data which were relatively stable over a 
period of time were used. The duration of the experiment also varied with tem- 
perature: at high temperatures rates were determined over a two-hour period, 
while at low temperatures eight hours of observation were used. 

Recent workers have reported on cycles of oxygen consumption in fiddler 
crabs which were correlated with time of day, tide, seasons, and other factors 
(Edwards, 1950, and Brown et al., 1954). In the present study an attempt was 
made to minimize variation due to rhythmic daily fluctuations by making an equal 
number of determinations in the afternoon and the morning. It is interesting to 
note that a preliminary study comparing determinations made on the same animals 
run in the morning and afternoon did not show any consistent variation. Although 
no attempt was made to correct for possible tidal influence on metabolism, seasonal 
variation was observed in some species and this will be discussed later. 

The recent thermal history of animals from North Carolina and Jamaica was 
the same in that their habitat and laboratory temperatures were alike, although the 
determinations were made at different times of the year. The mean water tem- 
perature at Jamaica varies slightly throughout the year, ranging from 80°-82° F. 
while the range during June-August in the Beaufort area was from 77°-82° F. 
Work at Beaufort extended from June to September, while studies in Jamaica 
began in October, 1957, and ended in April, 1958. 

In all of these studies only male crabs in the intermolt stage were measured. 
The criteria of Drach (1939) and Guyselman (1953) were used to determine the 
stage of the molting cycle. 

When oxygen consumption data were plotted on logarithmic co-ordinates with 
rate of oxygen uptake (weight-specific) against the weight of the organism, a 
regression equation was obtained of the type 

O2 — gyn, 


W 


where O, is oxygen consumption/unit time, W the body weight (wet weight), and 
a and b are constants, indicating the intercept and the slope of the regression line 
in the log-log plot. Additional statistics calculated were the standard error, S(log 
y. log «), and coefficient of correlation (r). 
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EXPERIMENTS AND RESULTS 


Influence of starvation on metabolism 

One variable in comparing metabolic rates of animals is the degree of starvation. 
To determine variation due to this factor, 25 specimens of U. pugnax from North 
Carolina were collected, isolated individually, and maintained at room temperature. 
First, their rate oxygen consumption was determined after being exposed to food 
and subsequently determined after the first, third, fifth, seventh, ninth, sixteenth 
and twenty-first day of starvation. Of the original 25 animals, 21 survived for the 
entire period while four animals died after the sixteenth day. Results represented 
in Figure 1 are averages of the 21 animals surviving the entire 21 days of starvation. 
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Figure 1. The influence of starvation on the rate of oxygen consumption of Uca pugna-x. 
Determinations made at 28° C. 


A marked drop occurred by day 1 followed by a progressive decline in metabolic 
rate and subsequent insignificant fluctuations. On the basis of these findings, 
animals were starved for one to three days before being used in any experiment 
unless otherwise specified. 

The response pattern to starvation of U. pugnax is similar to results observed 
in Pachygrapsus crassipes (Roberts, 1957a), pulmonate snails (von Brand, Nolan 
and Mann, 1948) and fish (Wells, 1935). 
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Metabolic rates of tropical and temperate zone Uca 


Table I represents the rates of oxygen consumption of seven species of fiddler 
crabs from the tropical and temperate zones determined at different temperatures, 
Although an increase in temperature generally resulted in a higher rate of oxygen 
uptake, there appear to be certain thermal ranges within which the metabolic rate 
is little influenced. A specific example can be seen for U. pugnax in that the rate 
of oxygen consumption at 7° and 12° is similar, but a sharp increase followed when 
determined at 17°. Throughout the temperature range of 12°-17° (determinations 
made at 12°, 15°, and 17°), U. pugilator and U. minax consumed oxygen at about 
the same rate (Fig. 2). This phenomenon was observed at higher temperature 
ranges as well for these temperate zone animals; for example, a five-degree in- 
crease from 28°-33° only slightly increased the metabolic rate of U’. minax. This 
apparent “staircase” effect was noted for tropical animals also, but only at the 
intermediate and higher temperature levels (Fig. 3). 

Changes in the rate of oxygen consumption are expressed as Q,,, according to 
Van’t Hoff’s equation, rather than the heat of activation (#) of Arrhenius. Q,, 
values for these seven species found in Table II further help to illustrate this 
“staircase” phenomenon. If determinations had been made only at larger thermal 
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Ficure 2. The influence of temperature on the rate of oxygen consumption of three 
species of Uca from North Carolina. 





Species 


pugnax 


pugilator 


rapax 
from Florida 


rapax 
from Jamaica 


thayeri 


mordax 


leptodactyla 
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TABLE | 


zones determined at various temperatures 


| Temperature 
| ("Ga 


7 
12 
17 
28 
33 


39 


> 


7 
12 
15 
17 
22 
28 
33 


36 


= 


‘ 
12 
15 
17 
28 


1 
| 
| 


Size of 
sample 


19 
33 
31 
54 
19 
18 


17 
25 
26 
26 
24 
66 
23 
22 
17 
13 
22 
23 
63 
17 


24 
32 
30 
97 
13 
25 


| 


| 


Body weight (gms.) 


Rate of oxygen consumption of Uca from the tropical and temperate 


Rate of O2 consumption 
(mm.3/min./gram) 





Mean 


2.57 
2.70 
3.63 
2.90 
2.95 
3.20 


6.19 
6.57 
6.48 
6.44 
6.33 
5.77 
6.61 
6.60 


2.06 
2.03 
1.87 
1.93 
2.35 
2.06 


2.80 
2.60 
2.51 
1.82 
3.17 
2.00 


3.78 
4.36 
3.51 
3.10 
4.33 
3.69 
3.36 
4.65 


4.38 
5.25 
4.36 
4.60 


2.81 
2.41 
2.50 
2.67 
2.49 


0.26 
0.28 
0.27 
0.28 


| 
| 
| 


Range 


0.94— 4.72 
1.06— 4.65 
0.88— 5.95 
1.15— 5.57 
0.65— 4.31 
0.89- 5.57 


3.85— 8.56 
4.54— 9.05 
4.79— 8.94 
4.58- 8.61 
4.41— 8.83 
1.66— 8.42 
5.04— 8.28 
5.01— 8.06 


0.89— 2.84 
0.62— 2.95 
0.68— 2.95 
0.66— 3.41 
0.95— 4.87 
0.93— 3.00 


1.42— 5.12 
1.25— 5.12 
1.25— 5.12 
0.95— 5.12 
1.66— 5.12 
1.00— 5.12 


0.57— 9.33 
0.63-11.57 
0.67— 9.33 
0.84— 6.56 
0.58-13.67 
0.67— 9.54 
0.58-13.67 
0.92-13.67 


1.50— 6.51 
2.71— 7.96 
2.71— 6.51 
1.65— 8.74 


1.53— 3.84 
0.91-— 3.63 
0.91— 4.26 
0.87— 4.28 
0.87— 4.24 


0.15 0.31 
0.18— 0.35 
0.18— 0.36 
0.19— 0.35 


} 
| 
| 








Mean 


0.328 
0.357 
0.734 
1.587 
2.140 
3.278 


0.167 
0.292 
0.281 
0.342 
0.688 
1.185 
1.308 
1.442 


0.311 
0.751 
0.757 
0.723 
1.333 
2.729 


0.352 
0.732 
1.017 
2.109 
2.324 
2.838 


0.349 
0.665 
0.958 
1.468 
1.663 
1.954 
2.400 
2.807 


0.240 
0.528 
1.412 
1.838 


0.392 
0.582 
1.436 
1.603 
2.885 


0.294 
0.674 
2.495 
3.842 


Range 


| 0.156-0.725 
| 0.179-0.730 


0.296-1.410 


| 0.485-3.489 
| 1.131-3.705 


2.020-4.523 


| 0.109-0.280 
| 0.135-0.622 
| 0.129-0.567 
| 0.133-0.689 
| 0.350-1.207 
| 0.566-2.554 
| 0.841-1.751 

| 0.915-1.907 


| 0.122-0.627 

0.412-1.482 
| 0.379-1.395 
| 0.426-1.264 
| 0.806-2.473 
| 1.962-3.896 


| 0.150-0.553 


0.280-1.561 


| 0.396-2.048 

1.125—3.802 
| 1.558-3.332 
| 1.315-6.042 


| 0.167-0.525 


0.272-1.877 


| 0.327-1.931 


0.746-2.369 
0.641—4.139 
0.890-3.304 
0.801-4.597 


| 0.683-4.497 


| 0.149-0.333 
| 0.383-0.859 
| 0.675-1.980 
| 1.306-2.471 


| 0.216-0.548 
| 0.462-0.713 


0.884—2.023 


| 0.942-2.835 


1.457-4.460 


| 0.115-0.545 
| 0.460-1.176 
| 1.748-3.768 
| 2.588-4.973 
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Figure 3. The influence of temperature on the rate of oxygen consumption of four 
species of Uca from Jamaica, The West Indies. 


intervals, for example every 10 degrees, this type of response would not have been 
very evident. The Q,, value for U. pugilator for the temperature range of 7°-17° 
was 2.32 while a value of 5.83 was obtained for the range of 7°-12°. Tropical 
species afford additional examples; U. rapax had an exceptionally high Q,, value 
of 8.58 over a three-degree increase from 12°-15°, whereas a Q,, value of 4.20 for 
the 10-degree range of 12°-22° was observed. 

In general lower Q,, values were obtained at higher temperatures than at lower 
temperatures for all seven species of Uca examined. A marked difference in 
metabolic behavior between tropical and temperate zone animals was observed at 
the lower temperatures. Between 12° and 15° very high Q,, values were obtained 
for U. rapax, U. leptodactyla and U. thayeri (range from 8.58-15.9) while a mod- 
erately high value of 3.73 was observed for U. mordax. Although U. minax and 
U. pugilator, both temperate zone forms, showed no increase in metabolic rate 
within this same three-degree range, moderately high Q,, values were obtained 
between the 7° to 12° range. Determinations made at lower temperatures would 
probably result in still higher Q,, values for these two forms and also for U. pugnax. 


Thus it would seem that at certain points along a temperature gradient, a slight 
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TABLE II 


Qio of oxygen commeungaien of seven species of Uca from ington and engenate zones 











res minax | pugnax pugilator | (Florida) amd | mordax | ee thayeri 
7-12 3.06 1.20 5.83 | 436 | — — | — | — 
7-17 2.04 2.24 2.32 ae 5 a me ~ ai 
7-28* 2.54 2.10 2.00 245 | — _ _ ~ 
7-36 2.10 - 2.11 2.07 | — _ — — 
12-15 1.00 — 1.00 — | 858 3.73 15.9 13.7 
12-17 1.37 4.23 1.00 193 | — — — | — 
12-22 - | — — — | 4.20 3.66 -— 
12-28* 2.40 2.51 1.43 2.02 | 2.65 2.41 3.28 | 2.67 
12-36 1.95 _- 1.71 1.76 | 2.23 | 2.27 2.92 2.33 
15-17 2.67 1.00 — | 620 ~_ on 
15-22 — — — — 3.10 3.49 _ _ 
15-28* 2.51 — 1.55 — | 2.02 2.18 2.39 1.92 
15-36 2.18 _ 1.84 — 1.84 2.12 2.29 1.68 
17-22 4.04 — — 2.35 _ a = 
17-28* 3.09 1.97 1.75 | 1.86 1.63 _ _ - 
17-36 2.45 2.01 | 1.71 | 1.62 _ — _ 
22-28* 2.57 — : — 1.23 1.32 — : 
22-33 1.90 — — | 1.29 — ~—_ - 
28-33* 1.22 1.90 1.42 | 1.38 — _ - 
28-36* 1.28 2.46 1.33 | 1.57 2.03 2.05 1.55 
33-36 2.49 _ 222 | 1:98 - _ 


* Determinations were ar at 27° ram rapax (F lorida) oad 30° for leptodactyla and thayeri. 


increase in temperature results in a marked increase in metabolic rate, whereas at 
other points the rate of oxygen consumption of these animals is relatively tem- 
perature-independent throughout a wider temperature range. Both temperate and 
tropical species exhibit this type of metabolic response but at different points on 
the temperature spectrum: tropical animals were metabolically activated at higher 
temperatures than temperate zone forms. 

The similar Q,, values for both temperate and tropical zone animals obtained 
at intermediate and higher temperatures are not surprising as the recent thermal 
history of all seven species was very similar and reflected summer or elevated 
temperature conditions. However, at lower temperatures, tropical animals exhibit 
a reduced ability to meet metabolically this environmental stress, while temperate 
zone forms appear to be more labile. 

When comparing the metabolism of tropical and temperate zone fiddler crabs 
over a wide range of temperatures, some rather interesting points can be noted. 
At 12° the range of the average rates of oxygen consumption of the four tropical 
species is from 0.240 to 0.392 while the range for temperate zone forms is 0.292 
to 0.751. These figures would suggest that at this particular low temperature 
northern species tend to have higher metabolic rates. However, as will be dis- 
cussed in more detail, it is necessary to take into consideration the factor of body 
size when comparing species. The following comparisons are of similar sized 
species : pugnax-rapax-mordax and minax-thayeri. At 12° U. pugnax from North 
Carolina and U. rapax and U. mordax from Jamaica consume oxygen at a similar 
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TABLE III 


Statistical analysis of relation of oxygen consumption to body size of Uca pugnax and Uca 
rapax determined at various temperatures 


Temperature No. of determi- 
ca 


(°C) aations log a Siog y-log z 


Uca rapax from Jamaica 


—0.377 —0.301 0.113 
—0.236 —0.076 0.143 
—0.571 0.192 0.139 
—0.387 0.309 0.075 
—0.343 0.360 0.146 
—0.377 0.434 0.136 
—0.374 0.498 0.135 
—0.354 0.620 0.143 


we hh = oe 
wonrmnaunr 


ww 
Con 


Uca rapax from Florida 


—0.050 —0.446 0.133 
—0.474 -0.010 0.209 
—0.465 0.150 0.161 
—0.210 0.356 0.119 
—0.456 0.574 0.076 
—0.380 0.557 0.185 


Uca pugnax from North Carolina 


—0.770 —0.234 
—0.537 —0.266 
—0.309 —0.003 
—0.373 0.321 
—0.304 0.423 
—0.316 0.650 


rate, while U. pugilator from North Carolina, with a weight average slightly less 
than these three species, consumed almost twice as much oxygen per unit weight and 
time. U. minax, another northern species, has a higher metabolic rate than U. 
thayeri. Oddly, U. leptodactyla, a very small tropical species, consumed oxygen 
at a rate similar to the larger sized species, while at elevated temperatures (30° 
and 36°) it had the highest metabolic rate of all seven species. 

Determinations were not made at 7° on tropical species as it has been shown 
by Vernberg and Tashian (1959) that these animals are not able to withstand this 
low temperature for a long enough period: 50% mortality occurred after exposure 
to 7° for 30-40 minutes. 

As noted above the oxygen consumption rate of tropical species was greatly 
increased by a three-degree increase from 12°-15° while temperate zone species are 
little affected. 

At 28° U. pugnax, U. mordax and U. rapax again have similar metabolic rates, 
while values for U. thayeri are now higher than U. minax which is the reverse of 
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Figure 4. The relation of oxygen consumption to size in Uca pugnax from North Carolina 
when determined at different temperatures. 
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Ficgure 5. The relation of oxygen consumption to size in Uca rapax from Alligator 
Harbor, Florida when determined at different temperatures. 


the results obtained at 12°. Although the temperate zone species U. pugnax 
utilized more oxygen than U. rapax at 33° and 39°, the tropical species U. thayeri 
consumed oxygen at a faster rate than U. minax at elevated temperatures. It 
would appear that no uniform metabolic difference between tropical and temperate 
zone species was apparent under the conditions of this study. At any temperature 
point one tropical species may consume oxygen at a faster rate than a similar sized 
northern organism, while at this same temperature a temperate zone species of 
another paired comparison would utilize oxygen faster than its tropical counterpart. 


Influence of size on metabolism 

Numerous workers have stressed the importance of the dependence of metabolism 
on body size when making inter- and intraspecific comparisons of crustaceans 
(Weymouth et al., 1944; Vernberg, 1956; Tashian, 1956; Zeuthen, 1953; Roberts, 
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Figure 6. The relation of oxygen consumption to size in Uca rapax from Jamaica, The 
West Indies, when determined at different temperatures. 


1957a; Edwards and Irving, 1943a, 1943b). In general, smaller individuals or 
smaller species consume oxygen at a faster rate per unit weight and unit time than 
larger individuals or larger species. 

Oxygen consumption data determined at various temperatures were obtained 
using different sized animals of U. pugnax and two latitudinally separated popula- 
tions of U. rapax. The comparative data for these two species, using the statistical 
techniques described earlier, are summarized in Table III. Figures 4, 5 and 6 
represent the log-log plotting of the regression curves calculated from these data. 





176 F. JOHN VERNBERG 


It appears that the slope of the regression curve varies with temperature. For 
U. rapax from Jamaica similar b values were obtained at all temperatures with the 
exception of 15°, where the slope was less steep, and 17° where the slope was 
steeper. The b constant for U. pugnax also fluctuated with the highest values, 
being obtained at low temperatures (7° and 12°). Oddly at 7°, U. rapax from 
Florida showed no correlation of body size and respiration, but at 12° the steepest 
slope was obtained. Although the absolute temperature at which the steepest slope 
was observed was different for these two species, it appeared that a significant break 
occurred at some low temperature. Interestingly this break occurred at a lower 
temperature for the northern species than for the tropical species. In general the 
slope of the regression curve was less steep for U. pugnax than U. rapax. 

According to the method of Snedecor (1940, pp. 132-133), the correlation 
coefficients are significant at the 1% level for all points except for U. pugna-x at 17°, 
33°, and 39° where the level of significance is at the 5% level and U. rapar 
(Florida) at 7° where no significance was observed. 

When the Q,, is calculated from the linear regression curves for animals weigh- 
ing 1, 3.5 and 9 grams, an apparent difference in response correlated with body 
size is observed (Table [V). One size group may be more sensitive to a given 
temperature change than a different size group, i.e., large specimens of U. rapar 
have a larger Q,, value than small sized (one gram) individuals at the temperature 
interval of 12°-15°, while at 15°-17° the reverse is observed. 

After a log-log plotting of metabolic data of seven species of fiddler crabs 
obtained at two temperature levels, interspecific differences correlated with body 
size are evident (Fig.7). At 28° or 30° a regression curve with a slope of — 0.204 
was obtained which indicates that the small sized species consumes oxygen at a 


TaBLe IV 


Qio values of different sized Uca pugnax and Uca rapax based on 
linear regression curves 


Temperature interval in ° C. | 3.5 grams 9 grams 


Uca pugnax 
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Ficure 7. The relation of oxygen consumption to size in seven species of Uca measured 
at two temperature levels. Two regression curves were calculated for data at 12°: a did not 
include leptodactyla (1) whereas b did (see text for discussion). 1 is leptodactyla, mi is 
minax, mo is mordax, pg is pugilator, px is pugnax, ra is rapax, and t is thayeri. 


higher rate than a larger sized species. However at 12° the metabolic rate of the 
small sized tropical species is greatly reduced in relation to the other six species and 
the regression curve has a slope of — 0.038 which is similar to results obtained for 
U. rapax (Florida) at low temperatures. But, if U. leptodactyla data are omitted 
on the basis of this tremendous response to environmental temperature stress, a 
curve with a slope of — 0.732 is obtained which seems to correspond to the steep 
slopes at low temperatures for intraspecific data on U. pugnax (a slope of — 0.770 
at 7°) and U. rapax from Jamaica (a slope of — 0.571 at 17°) 


Comparisons of metabolism of different populations of Uca rapax 


Data on the oxygen consumption of U. rapax from Florida and Jamaica are 
included in Table I. One of the most obvious differences between the two popula- 
tions is seen in their respective responses at reduced temperatures. The rate of 
oxygen uptake of Florida animals at 7° was very similar to that of Jamaican forms 
at 12°. As noted previously data for Jamaican animals at 7° could not be obtained 
as they did not survive exposure to this temperature. Following in this same 
trend, Florida animals consumed oxygen at a slightly higher average rate at 12° 
than their more tropical counterpart did at 15°. At all subsequent similar tem- 
peratures the subtropical form exhibited the highest metabolic rate. 
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U. rapax from Florida metabolically behaved like U. pugnax at the low tem- 
perature of 7° while at 12°, 17°, 27° and 33° rapax had a higher rate. The 
Floridan U. rapax exhibited the highest Q,, value at 7°-12° which is more char- 


acteristically like temperate zone forms than tropical zone species. 


Influence of season on metabolism 


Although results discussed up to this point were made on tropical and temperate 
zone animals which had similar recent thermal histories, experiments were carried 
out at different seasons of the year. Therefore the possibility of seasonal fluctua- 
tions in metabolism had to be investigated. Although metabolic studies involving 
Jamaican species were conducted from October to April, it was assumed that if 
any seasonal variation was to be observed it would be in evidence during this 
period as there is little monthly variation in temperature throughout the year. 

When oxygen consumption determinations on U. rapax made either at 28° or 15° 
during October were compared with results of February-March, there was no 
significant difference of means. This indicated that under the conditions of these 
observations no shift in metabolism of U. rapax was observed which could be 
correlated with seasons (Table V ). 

Data on U. pugnax collected during the summer months and also during the 
period from November to January show a marked seasonal variation. At 7°, 17° 
and 28°, crabs collected during November and maintained in the laboratory under 
the same thermal conditions as summer animals (22°-27°) consumed oxygen at a 
significantly faster rate than summer animals run at the same temperatures. How- 
ever, winter and summer animals responded similarly at 33°. The Q,, of 1.61 of 


“winter” animals was lower than that of summer animals (2.24) at low temperatures 


(7°-17°) but the opposite response was observed at higher temperatures (17°-28°) 


where the respective values were 2.37 and 1.97. 


TABLE V 


Metabolic rate of Uca pugnax determined at different seasons of the year 
and at various temperatures 


Oxygen 
No. of consump- | Standard | 
Month of year at determi- tion rate | error 
, nations (mm.3/ of mean 
gm./min.) 


Level of significant difference 
of means 


June to August 7 19 0.328 | 0.035 >.01 highly significant 
November to January 7 23 0.572 0.039 





June to August 31 | 0.734 | 0.047 >.01 highly significant 
November to January 40 0.920 0.052 


June to August 54 | 1.587 0.094 | >.01 highly significant 
December to January 25 2.379 | 0.222 


June to August 7 19 2.140 0.207 no significant difference 
December to January | 27 2.312 0.113 
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DIscUSSION 


Results of this investigation demonstrate the existence of differences in one 
physiological response, oxygen consumption rate, between temperate and tropical 
zone fiddler crabs. Other workers, using different measures of climatic adapta- 
tion, have reported the existence of physiological variation between latitudinally 
separated species of poikilotherms (Mayer, 1914, pulsation rate of the bell of 
Aurelia aurita; Horstadius, 1925, Thorson, 1936, Moore, 1939, 1942, 1949, Dehnel, 
1955, egg development and growth of various invertebrates and frogs; and Rao, 
1953, rate of ciliary pumping of water in a mussel). 

When making intra- or interspecific comparisons of poikilothermic animals 
from different latitudes, it is generally stated that at any given temperature, within 
limits a northern or cold-adapted form will show a higher metabolic rate than a 
southern or warm-adapted form. This comparison is dependent upon a number of 
other factors, such as body size and season, as pointed out so excellently by Prosser 
(1955), Bullock (1955) and Rao and Bullock (1954). 

However, when comparing similar sized species of fiddler crabs from temperate 
and tropic zones, which have similar thermal histories, no consistent difference in 
metabolism correlated with latitude was observed except at low temperatures. 
But an intraspecific comparison of Uca rapax from northern Florida and Jamaica 
shows the classical type of response, especially at low and high temperatures. Us- 
ing the data of Tashian (1956) it can be seen that similar sized fiddler crabs 
(3 gms.) from southern Florida and Trinidad had similar metabolic rates when 
determined at 24°, while the New York species was slightly lower. But at 14.1°- 
14.9° C., animals from New York weighing 3 gms. had a higher metabolic rate 
than the more southern forms. Working at still lower temperatures (1.4° and 
15° C.) Démeusy (1957) reported that Uca pugilator from Woods Hole, Mas- 
sachusetts had a significantly higher rate of metabolism than specimens from 
Florida only at the lower temperature. It is possible that these results might be 
influenced by seasonal temperature changes as this work was started in the fall. 
Whereas Démeusy did not find any difference at 15° between these two popula- 
tions, Edwards (1950) reported the Woods Hole form of U. pugilator to have a 
higher rate of oxygen consumption at 20° than animals from Florida. No men- 
tion was made of either the thermal or seasonal history of the two populations 
studied. However, seasonal studies on U. pugnax indicated that “winter” animals 
from North Carolina had higher metabolic rates in the temperature range of 7°— 
25° than “summer” animals, while the tropical species, U. rapax, did not show any 
seasonal fluctuation. This absence of any seasonal variation in metabolism of U. 
rapax may be correlated with the thermal constancy of their environment through- 
out the year. However, fluctuating yearly temperatures of more northern latitudes 
have resulted in a labile metabolic pattern in U. pugnax which can be correlated 
with thermal acclimation. 

Teal (1959), dealing with the relation of the respiratory metabolism of crabs 
to flow of energy through an ecosystem in Georgia salt marshes, found a marked 
ability of U. pugnax to demonstrate seasonal thermal acclimation. 

The review paper of Bullock (1955) cites numerous examples of seasonal ac- 
climation in many but not all poikilotherms. Recently Roberts (1957b) reported 
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that in the lined shore crab, Pachygrapsus crassipes, seasonal acclimation in metabo- 
lism was not present when determination was made at 16° C. However, he noted 
that respiration rates did bear some relationship to local seasonal temperature 
changes when intertidal sea water temperatures were below the environmental mean 
of 16°. It is noteworthy that the annual temperature flutuation experienced by 
Pachygrapsus is much less than that of fiddler crabs from North Carolina and thus 
might explain the difference in degree of response. The high and low mean monthly 
average temperature reported by Roberts was about 12° in January and 22° in 
August. At Beaufort McDougall (1943) and Gutsell (1930) reported similar 
average temperature values at 5.5° in February and 28° in July. 

Metabolic rate determinations made at a number of temperature levels give a 
better insight into the influence of temperature on metabolism than generaliza- 
tions from a few widely separated thermal points. The results of the present 
paper show that certain points along a temperature gradient appear to be of a more 
“critical” nature for the organism than others. This type of metabolic response 
when graphed gives a “staircase” appearance. In general tropical and temperate 
fiddler crabs responded similarly at intermediate and elevated temperatures, but 
at low temperatures tropical species were metabolically activated at a higher 
temperature than more northern species. Woodworth (1936) and Vernberg and 
Mariney (1957) observed that terrestrial insects, bees and fruit flies, respectively, 
were relatively temperature-insensitive within a given temperature range. Takatsuki 
(1928) showed a similar response in the heart rate at various temperatures of 
oysters from the tropical and temperate zone seas. When comparing the results 
of this study with those of Teal (1959), a remarkable similarity is observed. To 
cite a few examples: Teal observed U. minax consumed oxygen at the same rate 
at 11.1° as at 15.9°; in the present study the temperature range of 12° to 17° 
had little effect on their metabolism. UU. pugilator was found to be temperature- 
insensitive between 13.2° and 19.4° by Teal and in the present investigation the 
same response was noted from 12° to 17°. Noteworthy is the similarity of the 
response of U. pugnax. In both studies, this species behaved differently than the 
other two species of Uca: while pugilator and minax were temperature-insensitive 
in this range of about 11°-19°, the metabolic rate of pugnax was greatly increased. 
Additional cases, chiefly terrestrial animals, are cited by Bullock (1955). 

In general this marked influence of a relatively narrow temperature increase 
may be expressed in terms of a high Q,, (values greater than 3). After reviewing 
and re-evaluating many papers, Rao and Bullock (1954) concluded that Q,, was 
dependent on size and temperature of adaptation. Results of the present paper 
present additional data to show that marked differences in Q,, exist in the semi- 
terrestrial crabs of the genus Uca from the tropical and temperate zones. Scho- 
lander et al. (1953) measured the metabolic rate of U. mordax from Panama 
and reported high Q,,’s at low temperatures. However it is difficult to compare 
results for the following reasons: 1) determinations were made only at 10-degree 
intervals; 2) Q,,’s were estimated by eye-fitted tangents to eye-fitted curves; and 
3) few data were available at 10°, as only three out of eight animals survived suf- 
ficiently long to give valid readings. 

Similar results as the present paper were obtained by Thorson (1936), the 
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most striking example being a Q,, of 21 over the temperature range of -1° to 1° 
for Pecten groenlandicus. Interestingly this lamellibranch lives in the fjords of 
Greenland where the temperature is constantly below 0°. The same type of response 
appears in the results of Sparck (1936) but it is difficult to understand the basis of 
his metabolic-temperature curves as no experimental data are given and no points 
are shown on the curves. Démeusy (1957) and Teal (1959) observed a similar 
pattern of Q,, values with their work on Uca. 

Results of the present paper demonstrate the dependence of metabolism on 
body size both when making inter- and intraspecific comparisons. The slope of the 
linear regression (b-1) varies with temperature: the steepest slope is at a higher 
temperature for the tropical species than for its northern counterpart. Although 
there are only a few observations, these results show the same tendency of tem- 
perature to influence metabolism as did Q,, values for the 7 species. Roberts 
(1957a) observed that the slope of the linear regression was the same at 8.5° and 
16° for Pachygrapsus but was significantly less steep at 23.5°. In their recent 
review paper, Rao and Bullock (1954) replotted the data of Edwards and Irving 
(1943a) and Edwards (1946) and found that the slope varied with temperature: 
1) with summer animals, the slope was steeper at 12° than at 22°; and 2) with 
winter animals the reverse was noted. As a consequence of the change in slope of 
the regression curve, the Q,, values of different sized organisms will be changed. 
3ishop (1950, p. 242) reported that smaller individuals of a species are more tem- 
perature-sensitive than larger ones, while Rao and Bullock (1954) concluded that 
commonly the Q,, increases along with increasing size within normal ranges of 
temperature. Results of the present paper show that the influence of tempera- 
ture on the metabolism of different sized individuals of one species varied with the 
temperature range which was used. Therefore apparent differences reported in 
the literature may have resulted from comparing different temperature ranges of 
animals. 

Interspecific comparisons of fiddler crabs showed the slope of the linear regres- 
sion to be — 0.204 at 28°-30° which compares favorably with slopes obtained 
for various groups of organisms (Zeuthen, 1953, — 0.20 for crustaceans; Wey- 
mouth et al., 1944, — 0.174 for various crustaceans; and Vernberg and Hunter, 
1959, — 0.21 for cercariae of digenetic trematodes). But, when compared with 
the results at 12° C., marked differences are observed. The metabolic rate of the 
smallest species was depressed greatly by reduced temperature resulting in a regres- 
sion slope of — 0.020. Hence, smaller sized fiddler crabs have higher Q,,’s than 
larger sized species with the temperature range of 12° to 28° or 30°. 

Results of this paper would suggest that the metabolic response of fiddler 
crabs has real significance to their distribution. In the course of evolution, the 
various populations studied appear to be metabolically adjusted to the temperature 
fluctuations of their habitats. Temperate zone species not only are metabolically 
active at lower temperatures than tropical species but they exhibit a seasonal cycle 
as well. These differences are not only very marked when making interspecific 
comparisons but intraspecific differentiation is observed. The northernmost popu- 
lation of U. rapax behaves more like a temperate zone species at low temperatures 
than its southern relatives. 
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SUMMARY 


1. The rate of oxygen consumption of seven species of Uca from the tropical 
and temperate zones was determined over a graded temperature series. All species 
had a similar recent thermal history. 

2. Starvation resulted in an initial decrease in metabolic rate followed by a 
relatively constant rate in Uca pugnax. 

3. Generally increased temperature resulted in increased rates of oxygen con- 
sumption. However, in some cases a given temperature range had little or no 
effect on metabolism, while at other temperatures a marked increase resulted. 

4. Q,,’s of temperate and tropical zone species were similar at intermediate and 
higher temperatures but differed at lower thermal levels. ©,, varied with size 
and temperature levels. Lower Q,,’s were obtained at higer temperatures. 

5. Intra- and interspecific comparisons of metabolism-size relationships were 
made on data obtained at various temperatures. The slopes of the regression 
varied with temperature and species. 

6. When comparing the metabolic response of two latitudinally isolated popu- 
lations of Uca rapax with a closely related temperate zone species, the pattern of the 
northernmost population of U. rapax was intermediate between the tropical and 
temperate zone forms. 

7. Although no seasonal variation in metabolism was observed in tropical 
species, fluctuation was observed in a temperate zone species. 
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